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Statement of Disclaimer 
 Since this project is a result of a class assignment, it has been graded and accepted as fulfillment 
of the course requirements. Acceptance does not imply technical accuracy or reliability. Any use of 
information in this report is done at the risk of the user. These risks may include catastrophic failure of the 
device or infringement of patent or copyright laws. California Polytechnic State University at San Luis 
Obispo and its staff cannot be held liable for any use or misuse of the project. 
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Executive Summary 
 This project was proposed by Dr. Paavo through a desire to more easily study the benthic 
sediment layers of the ocean. To do so, he asked us to build a simple and compact machine for use in 
sediment profile imagery (SPI). Although devices like this already exist, they are all large scale devices 
that require a ship with a crane to deploy, which is expensive and time consuming. Instead, he desired a 
“micro” SPI, which is capable of being deployed from a small vessel that can easily navigate shallow 
waters. Our interpretation of these requirements was as follows: a less than 10kg device that can easily be 
deployed by hand by a single person, and can capture 600dpi images in a 20mm deep section of sediment 
at an underwater depth of up to 30 m. In the end, we ended up with the device seen below in Figure 1. 
 
Figure 1: Micro SPI final prototype 
 This device has a 50m long tether, and can in theory stay water tight to up to 150m underwater, 
although it has only been tested in 10m deep water. Our device is also around 5kg in weight, making it 
easily usable by a single person. Lastly, it has two 8mp cameras, both with a viewing area of 
approximately 25mm, which should give a theoretical resolution of much greater than 600dpi, although 
we could not verify the true resolution due to insufficiently detailed calibration charts. We also added a 
controller with a screen that is capable of receiving a live video feed from the probe, as well as reviewing 
previously captured images Therefore, we feel the device meets the requirements previously set out for 
this project, and has even met some of the “stretch” goals set out by our sponsor. While some features are 
missing, and the device would be expensive to mass produce in its current state, overall we feel it is a 
very solid prototype and proof of concept that can refined into a commercial product. 
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I. Introduction  
In the field of marine biology, different analysis methods exist for studying the benthic sediment 
layers of the ocean, also known as the sea floor. Useful information can be obtained from both qualitative 
and quantitative analysis of the ecosystems residing in the top layers of the benthos. The focus of this 
report outlines a new method of in situ imaging to facilitate research the benthic state. 
The project was proposed by Dr. Brian Lee Paavo, the Science Teacher and Researcher (STAR) 
Program Director for the Department of Biology at Cal Poly, San Luis Obispo. Dr. Paavo's vision for the 
project is to create device that will expand the toolbox of the marine biologists. The device will provide a 
simple and compact means for sediment profile imagery (SPI) to be used on small vessels with minimal 
resources, as opposed to large ocean research vessels. Dr. Paavo is the primary stakeholder of this project; 
however, this tool may eventually be used by marine biologists worldwide. Ultimately, the device will 
serve as a tool for obtaining cross-sectional sediment profile and complementary overhead seabed images 
of the sea floor region under examination.  
Marine biologists can use the information from these photographs to qualitatively study the 
ecosystems in specific ocean regions. Images of the benthic layer can give a wide insight into the health 
of the environment. By exposing what creatures are inhabiting the area, as well as their population 
densities, researchers can see firsthand the impacts of human development on the area. An inexpensive 
and easy-to-use could shed light on the effects that coastal developments and operations, such as dredging 
and wastewater outlets, have on marine habitats. The idea behind this is that simple and cost effective 
research methods allow for research to be conducted at a much higher frequency. Consistent data 
acquisition over long periods of time is more effective than periodic research, due to the ability to monitor 
changes in a dynamic fashion as opposed to only seeing the beginning and end result of the ecosystem's 
evolution.  
II. Background Research 
Studying seafloor sediment profile layers may seem like a tedious and unimportant task; however, 
the knowledge gained from this research gives marine biologists understanding of how ecosystems are 
affected under different circumstances. The information scientists can obtain from images of just the top 
20 millimeters of sediment layers can show networks of bacteria colonies and other small organisms 
inhabiting the sediment layers. One of the most important uses of the data acquired from the SPI is the 
impact ocean discharges have on the inhabitants of the area. Knowing the extent to which these 
ecosystems are effected allows for strategic placements of ocean discharges such as harbor dredging, 
coastal developments, sewage outlets, and industrial discharges. Knowing the extent of the sea life in a 
high-risk area introduces more adequate responses to ocean spills in the area.  
From the interviews conducted with Dr. Brian Paavo, much of the useable information gained 
from SPI is within the first 20 mm of the sea floor's sediment layers. Although scientists desire as deep a 
sediment image as possible when studying the benthic layers, almost all of the biological activity occurs 
within this top layer of sediment. Many of the devices used for SPI go far beyond this region and as a 
result are too time consuming and costly for most small-scale biological research. 
In the following section, we will summarize the major SPIs currently in use by marine 
researchers. While there are numerous different models of SPIs, we will cover two that most accurately 
represent what current models are capable of, the first being the Flanders Marine Institute SPI, and the 
second being the Benthic Science Limited's SPI-Scan Surveyor. 
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A. Flanders Marine Institute SPI  
The more traditional methods of sediment profile imagery are extremely heavy and require large 
lifting devices to deploy, such as those found on massive research vessels. Figure 2 shows an example of 
such a device from Flanders Marine Institute, which they call SPI. According to Flanders Marine 
Institute, the SPI “can image 15 to 20 cm of the sediment surface" [1]. The SPI can be used in salt and 
freshwater "up to a depth of 4000 m"[1].  
 
Figure 2: Flanders Marine Institute's Sediment 
Profile Imaging (SPI) device being hoisted into 
position for deployment [1].  
This concept of a SPI device is large and heavy, requiring a large vessel to deploy. In order to 
operate the SPI, large cranes or winching systems must be used to move and hoist the mechanical device. 
The sequence of operations to obtain a sediment profile image is as follows. The SPI works by first being 
lowered onto the seafloor. Once the frame is resting on the sediment layer in question the prism is 
plunged into the sediment layer, allowing the camera to capture an image. See Figure 3 for a schematic of 
the SPI in operation. In order to push the prism into a variety of different sediment layers, the frame 
allows for the attachment of “up to 113 kg of lead weights"[1]. Due to the mass of the device, two feet are 
attached to the frame in order to distribute the weight of the SPI over the sediment layer by increasing 
surface area.  
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Figure 3: Operational example of the 
Flanders Marine Institute's SPI [1]. 
 
The device is formulated by a few key principles and sub-systems. The prism assembly is made 
from aluminum, gasketed Plexiglas, and an inclined mirror. The entire prism assembly is filled with 
distilled water to minimize the external pressure effects on the Plexiglas and eliminate the possibility of 
fogging. According to Flanders Marine Institute, the "camera, electronics, and battery” are located in an 
aluminum pressure vessel that is kept separate from the prism assembly [1]. Hydraulic cylinders are used 
to control the rate that the prism is inserted into the sediment layer. This gives the operator control over 
the insertion rate to prevent the sediment layers from being disturbed during imaging. See Figure 4 for a 
schematic of the SPI's components and sub-systems from Flanders Marine Institute.  
 
Figure 4: Schematic of Flanders Marine Institute's SPI components and sub-systems [1]. 
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Upon further research, we found that most companies utilize systems such as this for sediment 
profile imaging. The issue with this technique is that it is limited to large vessels with hoisting devices to 
lower and lift the massive systems to and from the sea floor. From a small-scale marine biologist 
standpoint, these resources are difficult to facilitate and are not cost effective.  
When small organizations get ahold of the resources to conduct SPI operations, they typically 
have an 8-hour workday to get as much data as possible for analysis until their next outing. Often, they 
are unable to analyze the data until the end of the day when they download the SPI images from the 
camera onboard the SPI. At this point the researchers may realize that the data they have retrieved is 
inadequate or they may wish to obtain more samples in a specific area. From this notion, Dr. Paavo's 
company, Benthic Science Limited, created the SPI-Scan Surveyor.  
B. Benthic Science Limited's SPI-Scan Surveyor 
The goal of Benthic Science Limited is to create an "affordable tool for environmental monitoring 
and consent studies"[2]. Current SPI systems "require heavy lifting equipment available only on large 
vessels"[2]. The compact design of the SPI-Scan Surveyor allows it to be used on small vessel and does 
not require the equipment onboard a large research vessel. The use of these larger more traditional 
methods of SPI is limited to government operations due to the cost and complexity of a field study day. 
Benthic Science Limited believes that if environmental monitoring is made cheaper and more efficient it 
will be done “more widely and more often” leading to better environmental health overall [2].  
According to Benthic Science Limited, the SPI-Scan Surveyor’s primary purpose is to investigate 
the “sediment-water interface and monitor organism-sediment interactions"[2]. Figure 5 shows the SPI-
Scan Surveyor 2 electrical and mechanical housing.  
 
Figure 5: The SPI-Scan Surveyor Model 
2 from Benthic Science Limited [2]. 
This device has the capability of burrowing itself into the sediment and taking a scan of the 
column that it has created. Benthic Science Limited claims that due to the unique burrowing system 
utilized by the SPI-Scan Surveyor Model 2, “images can be obtained regardless of water visibility or light 
levels"[2]. This is an important feature to the SPI-Scan Surveyor because of the difficulty to obtain high 
quality benthic layer images in an environment with little natural light. Figure 6 is an example of the 
benthic layer photos taken by the SPI-Scan Surveyor from Benthic Science Limited. The photos produced 
from the SPI-Scan Surveyor "are 210 x 280 mm at a user-selectable resolution of 75-600 dpi requiring 17-
120 sec per scan"[2].  
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Figure 6: Example sediment profile images from 
Benthic Science Limited's SPI-Scan Surveyor. 
Note that the boundary from the surface the top 
layer of sediment is displayed in the picture for 
depth reference. [2] 
The compact design of the device makes it usable without the need for heavy hoisting equipment. 
It can be operated and deployed with one to two scientists in water depths of as little as 5 m. Benthic 
Science Limited has reported users of the SPI-Scan Surveyor performing over 145 scans per day from 
small ocean vessels according to Brian Paavo. Figure 7 is a photo of the SPI-Scan Surveyor in field 
operation from a 5 m vessel. Notice the compact and lightweight geometry can be maneuvered with one 
to two operators, although its size still necessitates a pulley system for deployment and tether 
management.  
 
Figure 7: SPI-Scan Surveyor 
in field operation [2]. 
The SPI-Scan Surveyor is similar in fashion to the heavy traditional SPI methods, with the 
exception of using fluidization of the sediment instead of weights as the mechanism to sediment 
penetration. Once the outer frame has landed on the sea floor, the device descends down the cage rails and 
inserts the imaging equipment into the sediment. The SPI-Scan Surveyor uses two water pumps to 
remove the unneeded sediment from the sea floor, pulling the column into the sediment. Figure 8 shows 
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the SPI-Scan Surveyor in the down (scan) position. There is no need for heavy weights when this 
technique is used, reducing the overall size of the device and eliminating the need for large research 
platforms to operate. However, it is still recommended that the user use a large diameter pulley for 
operation.  
 
Figure 8: SPI-Scan Surveyor fully inserted into 
the sediment layer. Once the tube frame rests on 
the sea floor, the SPI-Scan Surveyor descends 
down the supports and burrows itself in the 
sediment layer. [2] 
Another helpful feature that is associated with the SPI-Scan Surveyor is its capability to image 
the top surface of the seabed in the inspected area in addition to the sediment profile images. The device 
is equipped with a camera separate from the SPI scanner that snaps photos on the way down to the sea 
floor. These complimentary seabed images associated with the SPI images gives researchers further 
insight into the habitats they are examining. Figure 9 shows an example of the seabed images from the 
SPI-Scan Surveyor.  
 
Figure 9: SPI-Scan Surveyor seabed 
image example. Note the laser grid used 
for image alignment and scaling [2]. 
C. Customer Vision for Supplementary Device 
Although an improvement over more traditional SPI units, the SPI-Scan Surveyor still has a few 
key limitations for their customers [2].  
Operation Requirements of the SPI-Scan Surveyor:  
 Requires a Windows 2000 XP computer system with enough storage for images.  
 GPS is required for position stamping of images. 
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 24VDC power sources is required, output is less than 3A.  
 A large diameter pulley is required for deployment.  
 In air weight of ~25kg 
The first concern is the use of a Windows 2000 XP computer system for operation and central 
image data storage. In the marine environment, a full size computer operating system may not be 
available. One goal of this project is to eliminate the requirement for this by centralizing data storage 
within the device. Another concern of this device is the use of an external power supply. Again, small 
vessels such as a kayak may not have access to this kind of power supply and a battery operated device 
may be more applicable to a small-scale marine biologist. The final concern is the use of a large diameter 
pulley for use in deployment. It would be beneficial to eliminate the need for this and be able to deploy 
the device with only human mechanical power, allowing the device to be deployed by only one person 
and from a 5 m vessel. This would allow the device to be used as a preliminary investigation tool that can 
investigate an area of interest without needing to sponsor an expensive expedition. 
D. Camera Research: 
For our inspection needs, we needed a camera capable of taking images with a minimum of 600 
dpi resolution, and a desired resolution of 1200 dpi. The longest side of the image being captured (20mm) 
is approximately 1 inch, meaning a camera with a resolution of 1200 pixels along one axis would be 
needed to reach our upper goal. However, in Dr. Paavo's experience in underwater photography he found 
that blurring from underwater conditions, such as movement of the camera from undersea currents, 
caused the actual resolution of an image to be as low as ¼ of the rated camera resolution. This would 
require a minimum resolution of 2400 pixels to reach our minimum resolution of 600 dpi. Therefore, we 
opted to go with a minimum of a 5MP resolution camera to ensure at least 600 dpi. Table 1 below 
displays a list of cameras along with their vertical pixels, horizontal pixels, and total pixels which was 
used to make this selection [3]. From these criteria, we have listed our top three options for cameras, 
along with their pros and cons.  
Table 1: Comparison of camera ratings to their resolutions [3]. 
Camera 
Rating  
Width 
(Vertical 
Pixels) 
Height 
(Horizontal 
Pixels) 
Total (Pixels) 
1 MP/720P 1280 720 921,600 
QVGA/960P 1280 960 1,228,800 
1.3MP 1280 1024 1,310,720 
2MP/1080P 1920 1080 2,073,600 
2.3MP 1920 1200 2,304,000 
3MP 2048 1536 3,145,728 
5MP 2560 1920 4,915,200 
6MP 3032 2008 6,088,256 
8MP 3264 2448 7,990,272 
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1.  Celestron 5 MP Handheld Digital Microscope Pro 
 
Figure 10: Celestron 5 MP digital 
microscope and stand [4]. 
A pros and cons list for the Celestron camera as seen in Figure 10 has been generated from 
Appendix 1 and from the Celestron manufacturer website, as seen below [4]. 
Pros: 
 High zoom lens offered better resolution in images 
 Lens offered built in adjustment and focusing 
 Robust case designed for sensor already included 
Cons: 
 5MP is the minimum resolution needed and does not meet our stretch goal of 1200 dpi 
 High zoom lens has a low field of vision (FOV), which would require a specialized system to 
scan the 20mm by 20mm area that the customer requires 
 Case is bulky and difficult to mount 
 No built in way to lock focus adjustments, may come out of focus during use 
 Highest price of the three options ($120) 
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2.  Arier 8MP USB Camera Module 
 
Figure 11: Arier 8MP camera 
module with a wide angle lens [5]. 
 
A pros and cons list for the Arier camera as seen in Figure 11 has been generated from Appendix 
2 and from the Arier camera amazon listing, as seen below [5]. 
Pros: 
 Higher resolution 8MP camera 
 Takes common closed-circuit television (CCTV) camera lens for numerous options on FOV and 
zooming functions 
 Standard USB interface 
 Native support for a wide range of operating systems 
 Compact size 
 High versatility in mounting options 
Cons: 
 Middle price of the three options ($50) 
 No native support for Raspberry Pi systems 
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3. Raspberry Pi Camera Module V2 
 
Figure 12: Raspberry Pi camera module V2 
with the standard lens [6]. 
A pros and cons list for the Raspberry Pi camera as seen in Figure 12 has been generated from 
Appendix 3 and from the Raspberry Pi camera Amazon listing page, as seen below [6]. 
Pros:  
 High resolution 8MP sensor 
 Native support for Raspberry Pi 
 Can support standard CCTV lenses for a wide range of options 
 Cheapest of the three options ($25) 
 Very compact and easy to mount 
Cons: 
 Requires 3rd party adapter and some minor modifications to accept CCTV lenses 
For now, we plan on using the Raspberry Pi camera (option 3), as the simplicity of using natively 
supported cameras on the Raspberry Pi makes the software development for the camera vastly easier. The 
lens adapter needed for CCTV lenses in readily available and only a few dollars, and should only take a 
few minutes to install. Combined with the low cost, we believe the time savings on the software side will 
far outweigh the time it takes to use this camera on the mechanical side. However, should the lens adapter 
pose more issues than we anticipated, we plan to use the Arier USB camera (option 2) as a backup. 
E. Electronics Platform Research 
            The backbone functionality of this project will rely on its electronics platform. This system needs 
to be able to interface with multiple cameras, process the incoming images, and store them for later 
retrieval. The system needs to be able to collect numerous data sets throughout the day, without needing 
to take apart the device to load the data to an external source. It may also need to respond to some amount 
of operator input, which will change the behavior of the surveying equipment. 
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            There are several electronics platforms available that have been used to control small devices such 
as this, but they mainly fall into two categories: Small microcontrollers, such as an Arduino board, and 
miniature computers, such as a Raspberry Pi. The microcontrollers specialize in control of numerous 
connected systems such as sensors or motors, but do not contain an abundance of raw processing power. 
A miniature computer, such as the Raspberry Pi, is much more powerful. However, its input/output 
connections are more difficult to interface with.   
 
Figure 13: Arduino Mega 2560 [7] 
 
Figure 14: Raspberry Pi 2 Model B [8] 
            Due to the heavy image processing requirements of this project, we found a Raspberry Pi based 
system would be much better suited for this application. The substantial increase in processing power and 
presence of a GPU will help the Pi process and possibly display the high resolution images much better 
than an Arduino board. Also, the customizable micro SD eliminates the need to develop an external 
storage device. Most of the camera options that were documented earlier also communicate over USB, 
which most Arduino boards do not support natively, whereas a Raspberry Pi contains four ports. The Pi 
also has a MIPI camera serial interface, which is used by our preferred camera choice. 
Table 2: Comparison between Arduino and Raspberry Pi boards, see Appendix 4 and Appendix 5  
respectively for more details 
Model Arduino Mega 2560 Raspberry Pi 2 Model B 
CPU Speed 16 MHz 900 MHz 
Flash Memory 256 kB 1 Gb LPDDR2 
Hard Drive None Micro SD (128 Gb +) 
USB Ports 1 4 
Output Ports Analog Pins 
Digital IO/PWM 
EEPROM 
Ethernet 
HDMI 
GPIO 
CSI-2 (Camera) 
 
III. Objectives  
 
A. Problem Statement  
Marine biologists need a compact, easy to use camera system to conveniently and quickly 
photograph benthic layers, and can be operated out of a vehicle that is small enough to access shallow 
waters. Current visual inspection platforms operate off of vessels that are too large to access shallow 
waters, and are expensive and time consuming to deploy. 
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B. Project Goals 
The Underwater Sediment Micro-Inspector team will design a device to be used for the inspection 
of sediment layers on the sea floor. The device will be small enough for hand deployment from a single 
person ocean or lake vessels in water depths up to 30 meters. It must capture cross sectional sediment 
images with at least 600 dpi resolution and a minimum of 20 mm penetration into the sediment, including 
the boundary between the sediment and water. A separate image of the surface of the seabed must also be 
captured at the same resolution. The device must minimally disturb sediment in the region that the image 
is being captured and be operable in most sediment types (i.e. mud, sand, etc.). While in use, the user 
should be confident that good data is being recorded. It should require minimal servicing to ensure 
durability and maintain functionality for extended usage. Under normal conditions, the user should not 
need to expose electronics while in the field. The device should have an upper price limit of around $2000 
to produce.  
In an attempt to better understand how we can meet these goals, we developed a project scope 
sketch, as seen below in Figure 15. The sketch is essentially a description of what our design process 
envisions, as well as what outside factors we need to consider. Table 3 shows a description for all labels 
within Figure 15, including factors both within the project scope and outside it. The scope of our project, 
seen as the area surrounded by dashed lines below, includes all aspects of our project design that we can 
directly control. In our case, this includes the inspection probe pressure casing, the tether used to lift and 
communicate with it, any topside equipment it may use, and the camera system. We also have to consider 
thing that are not in our control, which in the drawing below is everything not inside the dashed box. This 
includes the vessel, the operator, and operating conditions. Now obviously we still need to consider these 
external factors, but since we cannot directly control them in our design, we have to make some general 
assumptions. That means we must make our design robust enough to operate in a range of conditions, 
some of which we may not expect. 
 
Figure 15: Illustration of the project scope 
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Table 3: List of labels and descriptions within the project scope sketch 
In order to better understand the goals of our project, we must first examine the list of customer 
requirements and correlate them to quantitative engineering specifications. We opted to use the quality 
function deployment (QFD) "House of Quality" approach in order to make this conversion. A QFD 
provides a methodological way to take qualitative customer requirements and turn them into weighted 
quantitative engineering specifications that can be used to guide our designs. In our QFD customer 
requirements are placed in the left column of the QFD matrix and are compared to engineering 
specifications in the top row. Each customer requirement is weighted according to importance, which 
factors into specification importance depending on how strongly they correlated with each other. In the 
center of the QFD the relations between each requirement and specification are numerated. Along the 
right column and bottom row, currently available solutions to the customer’s problem are compared to the 
requirements and specifications. Lastly, the correlations between each specification are shown in the 
"roof" of the QFD, as well as whether a specification should be maximized, minimized, or nominal. The 
customer requirements that were used in the QFD are listed below, as well as descriptions on how we 
converted these qualitative values into quantitative engineering specifications. 
Deployable from a Small Boat 
 This customer requirement was easily described in engineering terms by the overall volume and 
weight of the device. This includes the tether length and diameter, as well as the overall volume of the 
pressure vessel housing the electronics. Both mass and volume should be minimized as much as possible 
to make the device easy to store and carry. 
Deployable in Shallow Water 
 Our sponsor indicated to us that “shallow water” means 30 m or less. This is shallow enough that 
there are no special considerations we need to consider besides leakage and being able to control the 
device. Therefore, this engineering specification includes the depth rating of our pressure vessel and the 
length of the tether. Assuming we stay under our cost and size requirements, increasing the factor of 
Label Description 
Project Scope 
This dashed box represents everything about the project that can be directly 
controlled within our design, which includes the tether/electronics, pressure 
vessel, and camera/prism system. 
Tether/Electronics 
This represents the tether system used to hoist and possibly communicate with 
the probe, as well as any electronics inside the pressure vessel or being used by 
the operator above the water. 
Pressure Vessel 
This is the main container for the probe that holds the underwater electronics 
and camera system, as well as providing mounting space for the prisms outside 
the canister. 
Camera/Prism 
System 
This represents the camera being used to capture data, as well as how they are 
oriented inside the pressure vessel and how the prism(s) are used to view the 
areas of sediment the user wishes to document. 
Operator This is the end user who will be operating the probe on a day to day basis. 
Vessel This is the vessel in which the operator will be deploying the probe from. 
Operating Conditions 
These are the conditions in which the probe will be expected to operate, and 
includes the water conditions, as well as the type of sediment it will be 
investigating. 
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safety on our depth rating is a plus, so this requirement was set as a minimum. If the tether is too long or 
too short it could impact usability, so this was made a nominal value.  
Must Take High Quality Photos 
 This can be converted to an engineering specification by indicating a minimum camera 
resolution. As indicated by our sponsor, the minimum required resolution of our images is 600 dpi. 
However, we do note that the rated resolution of the camera may not be the same as the actual resolution 
we experience when using it underwater. Our plan for that is to use a camera capable of much higher 
resolutions than we need, so that any loss of resolution will not degrade our photo quality below our 
required value. In this case, more resolution will provide the operator with better data, so it should be 
maximized. 
Extended Operation 
 First off, we are considering “extended operation” to be in the scope of a full day of deployments. 
Our sponsor indicated to us that one of his customers remarked that 140 continuous deployments in one 
day was considered outstanding. So, we concluded that a 100 deployment minimum would be a good 
target goal for an engineering specification. This dictates both battery life and data storage. For data 
storage, each deployment will capture 2 images, so if we reach 100 deployments we need to store 200 
images at their full resolution. The actual amount of memory will be dependent on what kind of camera 
we use. Both these requirements should be maximized to give the user the longest possible operation 
time. 
Safety 
 In order to be safe and user friendly, we decided the device should remain sealed during normal 
use while at sea. If the device were to be opened, the electronics may be damaged by water or pose a 
shock hazard to users. To make this an engineering specification, we simply limit the number of opening 
required for normal operation. This should be zero openings in the field, but if we cannot reach that it 
should at least be minimized. 
Cost 
 The cost requirement indicated to us by our sponsor was to keep it around $2,000. With that in 
mind, we decided that a hard upper limit for the prototype should be $2,500. This should include all 
prototyping purchases, material costs, and facility usage costs. When possible costs should be minimized.  
Now we are left with the following requirements: minimal maintenance, confidently recording 
data, and being able to operate in seawater, which do not fit into the quantitative inspection method used 
by the QFD. Instead, these design requirements were compiled into a qualitative requirement table, as 
seen below in Table 4. For seawater, the device must be able to pass international regulations for not 
bringing in foreign organisms. According to Dr. Paavo, there is no written regulation describing this 
requirement in quantitative terms. So, this requirement will be kept in mind during the design phase by 
avoiding complex features that would prevent the device from being cleaned easily. As for maintenance, 
we will construct the device out of materials that are not reactive with salt water or fresh water, and try to 
design our sealing surfaces such that they are not damaged easily during normal use. The ability to 
confidently record data is a multifaceted requirement. One of the primary concerns will be the bow wake 
of the device blowing away the top layer of sediment as it impacts the sea floor. This will be addressed 
during the design phase by keeping the shape of the device as hydrodynamic as possible. We will also 
19 
 
make sure the device does not easily tip over or hit the sea floor at odd angles and ruin any photos we try 
to take. 
Table 4: Qualitative design requirements 
Customer Requirement Qualitative Specification 
Durable for Expended Use Constructed from corrosion resistant materials 
International Customs 
Requirements 
Purged of all foreign water and allowed to completely dry, Able to 
be cleaned to prevent importation of non-indigenous species 
Does not Disturb Sediment Layers Hydrodynamic body shape to minimize bow wake 
These qualitative design requirements, while not constricted by any quantifiable values, will be 
kept in mind during the design process. We will try to maximize traits when possible, while minimizing 
their impact on the rest of our design requirements in order to create an easy to use and reliable device, 
while still meeting the quantitative engineering requirements.  
 All of the quantitative engineering specification have been compiled below in Table 5. These are 
the values that have been associated to the customer requirements as described in the text above. On the 
right side of the table we have columns for risk and compliance. The first column, risk, has three possible 
values: low (L), medium (M), and high (H). These risk values correspond to the difficulty of meeting that 
particular specification in the design. The next column, compliance, refers to how we will verify whether 
or not we have met our requirement. “I” stands for inspection, which means no special test setup is 
required to see verify if the requirement is met. “A” stands for analysis, which means calculations can be 
run to check if the device will theoretically meet the required specification. Lastly, we have “T” which 
stands for testing, and means we will need to develop a specific test setup and procedure to test the 
specification. 
 Table 5: Engineering Specification Table 
 
 
Spec # Specification Description Target Value [unit] Tolerance Risk Compliance 
1 Storage Volume 0.125 m3 Max M I 
2 Mass 10 kg Max L I 
3 Depth Rating 30 m Seawater Min. L T, A 
4 Tether Length 50 m Nom. L I 
5 Image Resolution 600 dpi Min. M T 
6 Battery Life 100 Deployments Min. M A,T 
7 Local Data Storage 200 High Resolution Photos Min. L A 
8 Disassembly in the Field 0 Times Max L I 
9 
Number of Faulty 
Deployments 
10% Max H T 
10 Tether Diameter 1 cm Max M I 
11 
Underwater Impact 
Durability 
30 m submerged descent 
onto rock 
Min. M T,A 
12 Prototype Cost $2,500 Max L I 
13 
Sediment Image 
Penetration 
20 mm Min. L T 
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Specifications Descriptions: 
[1] Storage Volume: The device must be small enough that it can easily be stored on a small vessel 
between deployments. To meet this requirement, the team has decided that 0.125 m3 is an 
appropriate storage volume. To inspect this, we will try packing the device into an appropriately 
sized box. 
[2] Mass: The device must be light enough to be lifted by a single individual without the assistance 
of a boom or crane to deploy into the water, and then must be able to be recovered without by 
the same individual. The team has determined that 10kg is an acceptable maximum weight to 
assume that the biologist can lift, and will be inspected with a scale. 
[3] Depth Rating: A requirement from the sponsor was that the device be able to reach depths of at 
least 30m. The initial design will be analyzed with static force calculations to make sure the 
pressure vessel is strong enough to handle that depth of water. Once built, we will test the device 
by lowering it off of a pier to the desired depth and check for and structural failure or leaks. 
[4] Tether Length: Dr. Paavo indicated to us that he would like 50 m of tether in order to reach 30m 
of depth underwater. This will be inspected by measuring the length with a tape measure. 
[5] Image Resolution: A requirement from the sponsor is that the images taken by the device have at 
least 600dpi functional resolution. This is different from the actual resolution of the camera 
being used, as interference from underwater conditions can reduce image quality. This will be 
tested by taking photos of sediment in underwater conditions and examining the photos to ensure 
their resolution meets Dr. Paavo’s requirements. 
[6] Battery Life: The sponsor indicated that the device should be able to function through an entire 
day of observation without needing to recharge. This will be analyzed by doing power 
consumption calculations on all the electronics being used, and then tested by simulating 100 
deployments. 
[7] Local Data Storage: The device needs to be able to store all of the images it takes for at least one 
day of deployment. This means that the device must be able to hold at least 200 high-resolution 
images. We will analyze this by multiplying the maximum image size captured by our camera 
by 200 and using that as our baseline requirement for data storage. 
[8] Disassembly in the Field: The device should not need to be disassembled during a day of 
operation. This will be inspected by manually operating the device and seeing if the if has any 
functionality that requires the pressure vessel to be opened. 
[9] Number of Faulty Deployments: A faulty deployment is defined as a drop where good images 
are not taken because the device is not situated properly, or disturbs too much sediment as it 
lands. Systems will be put in place to ensure that no more than 10% of deployments result in bad 
data. This will be tested by simulating drops onto the ocean floor and recording how often our 
data comes out good or bad. 
[10] Tether Diameter: The diameter of the tether will be restricted to no more than 1cm, to ensure 
that the tether does not cause excessive drag. This will be inspected by measuring the diameter 
of the tether with calipers. 
[11] Underwater Impact Durability: To ensure that the device operates for an extended lifetime, it 
needs to be able to withstand impact with solid surfaces. The team has determined that the worst 
case scenario would be a 30 m underwater drop onto a solid surface, such as a rock. This will be 
analyzed by calculating the approximate forces such a drop would put on the pressure vessel, 
then tested by dropping the vessel from a test fixture that would result in similar forces. 
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[12] Prototype Cost: The sponsor has determined that they would like the final cost of the prototype 
to be at maximum $2500. This will be inspected by keeping a running tally of all our expenses 
and making sure we do not exceed the limit. 
[13] Sediment Image Penetration: A requirement from the sponsor was that the device take profile 
images with a depth of at least 20 mm into the sediment. This will be tested by making simulated 
drops into sediment, either in a test tank or off of a pier, and seeing if the images being captured 
show the required depth. 
After completing the QFD and weighting all the requirements we found the following five 
requirements to be the most important, although other requirements will still be considered. A detailed 
weighting of all engineering specifications based on relative importance can be found on the QFD matrix 
of Appendix 6.  
1. Storage Volume 
2. Mass 
3. Image Resolution 
4. Sediment Image Penetration 
5. Local Data Storage 
We believe that this is an accurate list for the importance of our requirements. Large inspectors 
that can take high quality data already exist, so in order for our device to be unique it must be both small 
in volume and light enough to be carried by one person. Next, if the images are not of a sufficiently high 
resolution to actually make scientific measurements, the device will only be able to make very rough 
preliminary measurements that would need to be followed up with another device. Then we need to be 
sure the device penetrates deep enough to inspect the desired area of the sediment layer, or else we would 
again need to follow up with another device. Lastly, having enough local data storage to hold all these 
images is important or else the operators would need to bring a full computer to offload the data between 
uses, which severely limits how long the device could be used in a vessel too small to safely operate a 
computer. 
IV. Management Plan 
For our project, we opted to split the design responsibilities as according to the three design 
projects: the camera system, the pressure vessel, and the electrical platform. We felt these design 
decisions could all be worked on relatively independently until the later stages of the design process. A 
rough layout of our design timeline can be seen in Appendix 7. As for team management, basic 
responsibilities were split up equally by person. The responsibilities of each team member are outlined in 
Appendix 8.  
All decisions, both design and management, will be decided by consensus. For design decisions, 
the leader of each sub group will serve as a moderator during critical design discussions and perform most 
of the research for the design. They will then present their findings to the group to be discussed and a 
final consensus reached on the particular subsystem's design. Management decisions will be made by 
group consensus, and carried out by the designated member in charge of that section of team 
management. 
We have created a Gantt chart to help guide our timeline for the rest of the project, seen in 
Appendix 9. This may be subject to some changes, once the design is finalized and more is known about 
the construction process and testing. During the critical design phase, we have allocated a period of time 
to continue overall system design, before starting final selection and modeling of the individual 
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subsystems. The electronics platform will be started during this total system design, so that a final list of 
materials will be completed before the end of the subsystem design phase, to allow the pressure vessel to 
be designed with enough room to contain all components. After the first subsystem design phase, there 
will be a period of compatibility assurance and peer reviewing of subsystems before moving on to the 
second design phase. This is where any modifications to the designs are done, as revealed by the peer 
reviews. Once the second round of modeling has been completed, the subsystems will be combined into a 
full product model. 
Once a design has been finalized, manufacturing and testing of a prototype will begin. The 
pressure vessel will be constructed and tested thoroughly without any electronic components, to ensure 
that any leakages we find in initial testing do not destroy any valuable equipment inside the vessel. 
Simultaneously, development and testing will occur for the electronics and camera systems. These tests 
will make sure that the Raspberry Pis control the cameras as designed, and can operate under battery 
power for the desired amount of time. Once both of these platforms have been thoroughly tested, they will 
be combined into a full prototype for further testing. This testing will ensure that useful data is collected 
by the Micro-SPI, and that it can function in real environments. 
V. Design Development 
For our initial ideation phases, we opted to have three separate brainstorming sessions, one for 
each of our main subsystems: the camera system, pressure vessel, and electronics platform. In these 
brainstorming sessions, all team members simply wrote down and described their ideas to the group as 
soon as they popped into their heads, and we all discussed possible ways we could modify that idea. 
During the ideation phase, we were careful not to shoot down any early ideas, and instead tried to modify 
them to make them work better. This way, we ended up with numerous ideas that approached the problem 
from different angles. While not all the ideas would necessarily be good solutions to the problem, they 
offered the chance to encourage outside the box thinking that could lead to a better solution. 
 By the end of each brainstorming session, each team member had dozens of potential ideas for 
each of our subsystems. At this point, we trimmed down our numerous ideas to between five and ten 
ideas for each subsystem. This was mostly a qualitative process, and we simply removed ideas that clearly 
would not be easy to implement or work at all. However, any ideas that we saw promise in were carefully 
considered and not removed unless they had a major flaw that we believed could not be solved. Instead, 
we tried to further modify any shaky ideas into a more likely solution until we felt we had fairly 
considered every idea.  
A. Lead Concept Selection Process 
After we removed all completely unreasonable ideas from our ideation phase, we were still left with 
too many concepts to easily compare in a more formal manner, especially in regards to our pressure 
vessel design. In order to further reduce the number of ideas we had to choose from, we began to do some 
physical modeling to see which ideas had the most promise, as outlined below. 
i. Space Restrictions 
Since there are a few necessary devices that must be included, such as electrical components, 
cameras, and micro-processing boards, the design of the pressure vessel will be influenced by the 
geometries of these components. At this point in the design, the team had a very good idea of the specific 
components that would need to be mounted inside the pressure vessel, and could move onto possibilities 
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for the pressure housing design.  In order to keep the cost of the Micro-SPI low, standard aluminum and 
stainless steel tubing were examined due to their availability and manufacturability.   
The standard tubing geometries examined were circular tubing and rectangular tubing. Full-size 
concept models were created out of foam core to demonstrate the differences between the two tubing 
geometries.  See Figure 16 and Figure 17 below for component configuration possibilities for the circular 
and square tubing respectively made using the foam core models.   
  
Figure 16:  Electronics layout of the circular 
pressure vessel design 
Figure 17: Electronics layout of the 
rectangular pressure vessel design 
As seen above, there are a few pros and cons to each geometric concept of the pressure housing.  
First, it was much easier to mount electrical components inside the rectangular pressure housing. Most 
electrical components have flat or rectangular geometries and require less modification to be mounted to 
the flat surfaces of the rectangular concept. On the other hands, the circular concept would require extra 
modifications to the tubing to attach the flat devices. Another design consideration is that the circular 
tubing minimized the unused volume in the container, as opposed to the rectangular tubing. The corners 
of the rectangular tubing would add unneeded buoyancy to the device, which would necessitate heavier 
ballast in order to counteract this effect.   
When comparing the manufacturability of the circular and rectangular concepts, the circular 
geometry is superior to the rectangular geometry. In order to seal the pressure housing, lids must be 
manufactured with O-rings or gasketed flanges. A circular lid would be easier to manufacture because it 
can be made using a turning process on a lathe instead of necessitating a full mill. If a plug design is used, 
the lid could even be machined in a single operation without removing it from a lathe's chuck, reducing 
the cost. The rotational material removal would help to ensure a uniformly shaped surface, minimizing 
the possibility of pressure housing leaks. On the contrary, a rectangular pressure housing lid would likely 
need to be machined on a mill. While still feasible, this process would likely require numerous operations 
to ensure the correct geometry and prevent leaking of the lid.   
After examining the differences between the circular and rectangular pressure housing, a circular 
pressure housing geometry was selected as the preferred design of the Micro-SPI. The advantages of 
manufacturability, water tightness, and buoyancy minimization make this geometry a solid option for 
meeting the Micro-SPI's specifications. However, our final decision did not come until after we 
completed our Pugh matrices and weighted decision matrices, which will be covered later in the report. 
ii. Head Designs Bow Wake Testing 
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One of the primary concerns for the head shape of our pressure vessel is how much it disturbs the 
sediment layer when it penetrating the sea floor. In order to determine how effective the various designs 
we had developed were at minimizing bow wake and penetrating sediment, a preliminary test was 
developed. In this test, various models of different head shape geometries are plunged into a sand filled 
fish tank using a custom made wooden plunger assembly. The models themselves were made out of 
butternut squash, as we found this material was easily shapeable while still being neutrally buoyant, 
waterproof, and stiff enough to penetrate into the sediment. When plunged into the tank, varying amounts 
of sand was launched up into the water, allowing us to see how much the bow wake from a particular 
head shape disturbed the sediment. This allowed us to have justification for the values recorded in our 
Pugh matrices, as seen later in the report. Appendix 10 shows a detailed equipment list and procedure for 
this particular test. 
Results/Discussion: 
Eight different pressure housing heads were tested during the experiment, the results of which can 
be seen in Appendix 10.  Below is a representation of the top two results for the pressure head geometries 
in Figure 18 and Figure 19. 
From Figure 18, the rounded head geometry tests, we see that there is very little sediment layer 
disturbance even at high insertion velocities.  From this test we can deduce that minimizing any flat 
surfaces perpendicular to the direction of insertion helps preserve the sediment layers.   
    
(a) (b) (c) (d) 
 
Figure 18:  Sketches and highlights from insertion tests for the rounded housing pressure vessel end 
cap 
Figure 19 below demonstrates another important observation in the pressure housing head 
geometry. Turning the prism assembly orientation around to examine the sediment layers just to the side 
of the Micro-SPI, instead of directly under it, results in the examination of the sediment layers that are 
less disturbed.  Note that most billows of sand in Figure 19 occur behind the viewing area, which is 
mostly undisturbed. The team found that most geometries did not adequately preserve the sediment layers 
directly underneath the device.  Therefore, it is advantageous to examine the sediment layers directly to 
the side of the device where the bow wake effects are less severe.  
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(a) (b) (c) (d) 
 
Figure 19:  Sketches and highlights from insertion tests for the flat square pressure vessel endcap 
 
 
VI. Pugh Matrices  
Once we had our lead concepts for the electronics package, pressure housing head design, and the 
camera system, we needed to decide on the best designs for each subsystem.  We used Pugh matrices to 
do a further trim of ideas to get the top two or three ideas from each subsystem. A Pugh matrix is an idea 
selection technique which compares different concepts to each other based on the customer's 
requirements.  A sketch of each concept in question is displayed along the top row of the matrix and a list 
of the customer requirements or criterions are listed down the left column.  For comparison purposes, one 
concept is selected as the baseline datum that all the other concepts are judged in relation to. Each concept 
is judged in relation to the datum for each customer requirement with a "+", "–", or "S" referring to better, 
worse, or the same as the datum, respectively.  The sum of each rating is provided at the bottom of the 
matrix and can be used to rate the concepts to each other.    
Once we had the Pugh matrices completed, we were left with each idea having ratings in the “+”, 
“– “, and S categories. Generally speaking, more +’s mean a design is stronger, while more –‘s mean a 
design is weaker. However, one major limitation of the Pugh matrix is that it does not account how 
important each customer requirement is. So, this again required some qualitative decisions on which 
designs we wanted to move forward with. Once we had all the strengths and weaknesses for each concept 
laid out, we were able to more easily discuss which concepts better solved the problem. It also allowed us 
to analyze which parts of each concept were good or bad, and let us combine some ideas together into 
further refined ideas. Ultimately, we managed to trim down the concepts from each subsystem Pugh 
matrix into the top ideas, the results of which are compiled below. 
A. Electronics Results  
For the electronics platform, the leading concepts involved different combinations and 
orientations of Single Board Computer (a Raspberry Pi was used as a benchmark for SBCs, and decision 
making between different SBCs will be performed in later reports), the power source(s) for the system, 
and possible topside screens. The 5 leading combinations have been compiled below in Table 6. 
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Table 6: Electronics platform pugh matrix 
Electronics System Pugh Matrix 
  
Concept Pi and power 
topside, 
analog 
connection 
Pi and power 
below, analog 
connection to 
screen topside 
Pi below, 
separate 
power, analog 
connection to 
topside screen 
2 Pi’s, each 
with own 
power, 
Ethernet 
connection 
Nothing 
topside, 
power and 
Pi in 
container 
Criterion   
Concept Number 1 2 3 4 5 
A + S S S 
D
at
u
m
 
B - - - - 
C - - - - 
D - - S S 
E S + + + 
F + S S + 
G S + + + 
H - - - - 
Sum of + 2 2 2 3 
Sum of - 4 4 3 3 
Sum of S 2 2 3 2 
Specification Legend: 
A Deployability (small) 
B Use in shallow water (50m tether length) 
C Use in sea water (any topside electronics need to be sealed) 
D Operate for an extended period of time (use all day) 
E User Friendly (small, can see where it is going) 
F Low maintenance (do not need to open it often/ever) 
G Confidently record good data (image preview) 
H Cost 
 
Concept 1: This idea houses the Pi and batteries topside, using the tether to transmit the required 
power to the cameras inside the pressure vessel, and transmit the data from those cameras back to the Pi 
on the surface. This greatly reduces the number of electronic components in the pressure vessel, allowing 
it to be much smaller, reducing buoyancy and cost. The downsides to this concept are that it requires 
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providing power through 50m of tether, which will incur substantial losses, and that the tether must be 
able to carry all of the data for both cameras over 50m. 
Concept 2: This idea involves placing the batteries and Pi inside the pressure vessel, with the 
tether transmitting power and a video signal to a handheld screen up on the boat. This has the advantage 
of keeping the Pi close to the cameras, only needing to send one image signal through the tether. 
However, this still has the downside of sending power and a video signal across the tether. 
Concept 3: This design solves part of the downsides of concept 2 by having separate battery 
packs, one inside the pressure vessel powering the Pi and cameras, and one in the topside device 
powering the screen. The video signal is still sent through the tether, but it no longer needs to include the 
power required to run the screen. 
Concept 4: This idea utilizes two separate Raspberry Pis, each with their own power source. One 
Pi will be inside the pressure vessel with a battery pack, which controls the cameras, and the other will be 
in the topside module controlling the screen. These Pis can be connected with an Ethernet tether, allowing 
them to transfer data. The Pi controlling the cameras can feed the data over the Ethernet connection to the 
topside Pi, which can display and store what data it wants to keep. This also means that the pressure 
vessel does not need to be opened to retrieve the stored images, as the data can be stored in the topside 
console and accessed through a module such as a flash drive. 
Concept 5: This idea does not transfer any power or data through the tether, and houses the Pi and 
batteries inside the pressure vessel. The cameras would take pictures on a set increment the entire 
duration of the deployment, and at the end of the day, the user could open the container to extract the data 
and sort through the results. This was chosen as the Datum because it is the simplest and likely cheapest 
design to implement, though there is no method of quality assurance on the taken images. The rest of the 
design would have to ensure that there was a reasonably low chance of bad data being recorded. 
These concepts were all input into the Pugh matrix; however, the results were not very clear. All 
of the concepts had either more minuses than pluses when compared to the datum, or the same number. It 
became clear that there were several criteria that while represented in the Pugh matrix, were not on even 
weights with some of the more important criteria. Further analysis using a weighted decision matrix 
would be required. 
B. Head shape results 
As mentioned earlier, we had two main pressure vessel shapes, square and cylindrical. Both 
round tubing and square tubing were easily purchasable through online merchants, making sourcing parts 
for these two designs economical. This caused us to focus our head shape designs into two categories, 
circular and rectangular. As for the head shape itself, we had several ideas that we ended up finding 
potentially viable, which are compiled below in Table 7. 
Most of the designs are fairly self-explanatory, and merely try mounting the prism in a variety of 
housing shapes and orientations. The two designs to note are concepts 6 and 8, as these use an extended 
prism that sticks out farther than other designs in an attempt to reduce the effects of bow wake on the 
imaging area. 
This area of subsystem is slightly less qualitative than the other two systems, as we have 
performed some initial tests on head performance. However, the exact performance of each head shape 
will not be known until more in depth testing is done. After our initial bow wake tests, we were able to 
narrow down our ideas from the Pugh matrix to our top 5, which have been described below. These ideas 
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were then combined with the top concepts from our camera system Pugh matrix and compiled into a final 
decision matrix, as seen later in the report. The full Pugh matrix including some of the eliminated ideas 
can be seen below in Table 7. 
Table 7: Pressure housing head shape pugh matrix 
 
Concept 1: This idea uses a shallow wedge shape with a prism inserted into it, and has the 
imaging area facing away from the bottom of the pressure vessel. This serves to help channel water away 
from the imaging area of the prism to minimize bow wake, while still being somewhat stable when resting 
on the seafloor. However, the angled bottom does still increase the risk of tipping. 
Concept 3: This used a simple flat bottomed square pressure vessel, with the prism facing 
outwards, and was used as our datum. This concept was chosen as it was very easy to make and very 
stable; however, it has rather poor hydrodynamics and risks blowing away sediment. 
Concept 4: This is similar to concept 3, with a rectangular body and flat bottom. However, in this 
case the prism faces inwards, underneath the pressure vessel. This allows the design to function with our 
simpler two camera camera system, as described later, but further increases the risk of sediment blowout. 
Pressure Housing Head Shape Pugh Matrix 
  
Concep
t 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Criterion   
Concept Number 1 2 3 4 5 6 7 8 
A S S 
D
at
u
m
 
s s - S S 
B + - - - + + + 
C S S s s s + + 
D S S s s - S - 
E S + s - s - S 
F + + + s - S S 
G S - s - + + + 
Sum of + 2 2 1 0 2 3 3 
Sum of - 0 2 1 3 3 1 1 
Sum of s 5 3 5 4 2 3 3 
Specification Legend: 
A Deployablility 
B Does not disturb sediment layers 
C User friendly 
D Safety 
E Maintenance 
F Stability 
G Repeatability 
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Concept 7: This concept uses a rounded head shape to help make the vessel as hydrodynamic as 
possible, with the prism looking outward away from the base of the pressure vessel. As mentioned earlier, 
the rounded head in particular performed very well in our bow wake tests, with almost no sediment being 
moved during insertion. The main drawback of this design is it is at higher risk for tipping than other 
designs due to the unstable nature of a round base. 
Concept 8: This concept is very similar in design to concept 7, except with an extended prism to 
further reduce the effect of the bow wake on the sediment. This design is basically an extreme version of 
concept 7, with even better sediment disturbance performance, but is less stable due to the extended 
prism. 
These top designs were combined with the camera system top choices to create five final 
candidates for our decision matrix. However, it should be noted that while these are our top choices at the 
moment, we may need to perform further tests on bow wake as we collect more data on what materials we 
will be using for our design. If these tests show different results than our initial tests, the final head shape 
may vary from our currently chosen designs. 
C. Camera results 
For our camera systems, we ended up changing two main factors for our designs: either one or 
two cameras, and what mounting system was used. By mixing several ideas for these two ideas, we ended 
up with 7 concepts that we felt had some feasibility, which can be seen compiled in Table 8, and 
described in greater detail below. 
Table 8:  Camera System Pugh Matrix 
Camera System Pugh Matrix 
  
Concept 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Criterion   
Concept Number 1 2 3 4 5 6 7 
A S - S 
D
at
u
m
 
S S S 
B + + S S S - 
C S S - S S - 
D - S + - - - 
E - - + - - - 
F - S + - - - 
G + - + + + + 
Sum of + 2 1 4 1 1 1 
Sum of - 3 3 1 3 3 5 
Sum of S 2 3 2 3 3 1 
Specification Legend: 
A Works in shallow water 
B Does not disturb sediment 
C High quality photos 
D User friendly 
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E Minimal maintenance 
F Confident data recording 
G Price 
Concept 1: This concept used one camera mounted on a rotating motor allowing it to pivot and 
view both the profile and sediment view at full resolution. This design’s strengths were that it had full 
resolution on both images, and only used 1 camera, which made it easier to integrate with the Pi. 
However, the moving mechanical system added complexity to the overall design, and the fact that the 
imaging area was below the pressure vessel meant there was a high risk of sediment blow out and the 
images being ruined. 
Concept 2: This idea used two cameras mounted on the outside edge of the pressure vessel, one 
for the top view and one for the profile view. This had the advantage that both images got their own 
camera, meaning they were at full resolution, and could have the lenses focused individually for better 
image quality. It also moves the imaging area away from underneath the pressure vessel, significantly 
reducing the chance of sediment blowout. However, two cameras are slightly more expensive and 
requires more work to integrate into the Pi, and having two externally mounted prisms increases the risk 
of them being damaged in operation. Also, a second viewport needs to be made for the top view prism, 
which increases the chance of leakage in the pressure vessel. 
Concept 3: This system concept used one camera to view both the top view and profile view in 
the same frame. The main advantage of this system is simplicity, as a single camera statically mounted is 
very easily done, and has little risk of failure in normal operation. However, this reduces the image 
resolution of the images captured, as half of the camera’s resolution is used for each image. This also has 
the same issue of sediment blowout, as the camera is viewing an area directly below the pressure vessel. 
Concept 4: This was what we used as our datum for the other concepts to be compared to in our 
Pugh matrix. This concept used two camera mounted side by side, with one for the top view and one for 
the profile. This idea’s strengths were that it was still fairly simple in terms of mounting, but still afforded 
full image resolution. However, this still has issues with sediment blowout and complexity of Pi 
integration that comes with using two cameras 
Concept 5: This concept uses one camera mounted on linear track that allows it to scan across the 
bottom of the pressure vessel to capture both the top and profile views with one camera. This has the 
advantage of using one camera to capture full resolution images with one camera. However, similar to the 
other motorized concept, concept 1, it adds greatly to the overall complexity of the camera system. 
Concept 6: This concept uses a motorized mirror to allow one camera to view both the top view 
and profile view. The strength of this system is again that one camera with full resolution on both images 
is slightly cheaper and easier to implement with a Pi, with the downside of added system complexity. 
Concept 7: Lastly, this used a single fixed camera to look through a series of prisms that can view 
both the top view and profile view of the sediment depending on how far it has penetrated in. The 
advantages of this system are that it only used one camera, but it has full image resolution and no added 
complexity to the mounting system. However, with this system the top view is only visible for a fraction 
of a second before the probe finishes penetrating into the sediment. This greatly increases the risk of low 
quality data being recorded. 
Ultimately, our top two ideas were narrowed down to concept 2 and concept 4. While many other 
concepts may have appeared to have better results according to the +’s and –‘s in the Pugh matrix, they 
were mostly better in areas that were relatively unimportant, such as cost. By far the most important 
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criteria was the image resolution and the potential sediment blowout, as these two factors control how 
useful the data being collected is for the researcher. Concept 4 was chosen because it offered high quality 
images without adding unnecessary complexity. Concept 2 was chosen as it still offered high quality 
images with minimal complexity, but it also solved a problem that none of the other concepts did, which 
was potential sediment blowout in the imaging area. However, this system did have some potential issues 
with being able to seal the extra prism viewport, so further analysis was needed in our weighted decision 
matrix, as seen below. 
VII. Weighted Decision Matrices 
For the top sub system concepts found from the Pugh matrices, we made total system concepts 
that we evaluated using weighted decision matrices.  In our case, we found it made sense to make two 
separate decision matrices, one for the camera and pressure vessel, and one for the electronics. Our 
reasoning for this was that the electronics system can be decided more or less independently from the 
physical systems as they all took about the same amount of physical space, and only really differed in the 
amount of topside equipment. 
A. Camera and Pressure Vessel Results  
For this decision matrix, we combined the top five ideas from the pressure vessel Pugh matrices 
and the top two ideas in the camera system Pugh matrices. However, since certain pressure vessel designs 
were only compatible with certain camera systems, we only had five total final designs. 
For the final decision matrix, as seen in Table 9 we had a total of six specifications that we were 
concerned with for the performance of our design. However, after completing the chart we found that 
only two specifications really ended up impacting the final decision, stability and sediment disturbance, as 
the other specifications had very similar performance across all five designs.  
Ultimately, we found that the two rounded head concepts, concepts four and five, were the best 
choice as the sediment blowout was significantly better on these two designs in our initial bow wake tests. 
Concept four uses a standard prism, while concept five uses an extended prism which trades lowered 
stability for better sediment blowout. The stability concerns will be rectified using an external skid 
system, as seen in our final design shown later in the report. As for whether we use the shorter prism or 
the longer prism, that will be decided later when we perform more in-depth tests on the bow wake of our 
designs. 
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Table 9:  Camera System and Pressure Vessel Decision Matrix 
 
Spec Number Spec 1 Spec 2 Spec 3 Spec 4 Spec 5 Spec 6 Total 
  Weight 15% 35% 15% 5% 5% 25% 100% 
Concept 1 
Rating 8 7 8 9 9 7 - 
Wgt Rtg 1.2 2.5 1.2 0.5 0.5 1.8 7.5 
Concept 2 
Rating 9 3 9 9 10 9 - 
Wgt Rtg 1.4 1.1 1.4 0.5 0.5 2.3 7.0 
Concept 3 
Rating 8 5 8 9 9 9 - 
Wgt Rtg 1.2 1.8 1.2 0.5 0.5 2.3 7.3 
Concept 4 
Rating 8 8 9 9 8 8 - 
Wgt Rtg 1.2 2.8 1.4 0.5 0.4 2.0 8.2 
Concept 5 
Rating 7 9 10 8 7 7 - 
Wgt Rtg 1.1 3.2 1.5 0.4 0.4 1.8 8.2 
         Specification Description Key 
Spec 
Number  
Description 
1 Deployability 
2 Does Not Disturb Sediment Layers 
3 High Quality Photos 
4 User Friendly  
5 Minimal Maintenance 
6 Stability 
         Concept Description Key 
Concept 1 Prism Concept 1 and Side Camera  
Concept 2 Prism Concept 4 and Two Camera 
Concept 3 Prism Concept 3 and Side Camera 
Concept 4 Prism Concept 7 and Side Camera 
Concept 5 Prism Concept 8 and Side Camera 
 
B. Electronics Package Results 
This decision matrix contains three of the five concepts that were present in the electronics 
platform Pugh matrix in Table 10. The two designs not included in the decision matrix were eliminated 
because they did not have a topside screen to display a driving camera. In order to assert that good data is 
collected with each drop, we decided some form of driving camera or data preview must be available for 
the operator to view in order to determine whether or not they need to re-take any image data. 
In this case, there were many specifications where the different concepts scored similarly; 
however, small variations throughout several specifications added up to notable differences in final scores 
for the different concepts. The only major discrepancy occurred with specification four, which involves 
low maintenance. The concept that theoretically does not require the pressure to ever be opened scored 
significantly higher than the other concepts, which would need to be opened in order to extract the data 
recorded from a day of operation. 
After the analysis, the leading concept was a design that used two Raspberry Pis, one in the 
pressure vessel and another controlling the viewing screen and storing the image data. This concept is 
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superior because it does not require the pressure vessel to be opened except for routine maintenance, and 
because it can very confidently record good data. These benefits outweigh the downsides, namely the 
design being a bit more expensive, and a more complicated software system. 
Table 10:  Electronics Package Decision Matrix 
 
Spec 
Number 
Spec 1 Spec 2 Spec 3 Spec 4 Spec 5 Spec 6 Total 
  Weight 5% 25% 15% 15% 35% 5% 100% 
Concept 1 
Rating 8 4 8 3 8 8 - 
Wgt Rtg 0.4 1.0 1.2 0.5 2.8 0.4 6.3 
Concept 2 
Rating 7 8 8 3 8 6 - 
Wgt Rtg 0.4 2.0 1.2 0.5 2.8 0.3 7.1 
Concept 3 
Rating 6 8 8 9 9 5 - 
Wgt Rtg 0.3 2.0 1.2 1.4 3.2 0.3 8.3 
         Specification Description Key 
Spec 
Number  
Description 
1 Ease of Deployment 
2 Operate for Extended Period of Time 
3 User Friendly (Driving Camera) 
4 Low Maintenance (Does not need to be opened in the field) 
5 Confidently Record Good Data 
6 Cost  
         Concept Description Key 
Concept 1 Pi and power below, connection to screen topside 
Concept 2 Pi below, separate power, connection to screen topside 
Concept 3 2 Pi's, each with separate power, connected by Ethernet, screen run by top Pi 
 
VIII. Top Design Concept 
So, after combining our electronics and physical systems decision matrices, we ended up with the 
design seen in Figure 20. This took the rounded head pressure vessel with the dual side camera system, 
and combined it with the topside and bottom side Raspberry Pi electrical system. Overall, while a bit 
more complicated than some other designs, we felt this design offered a user friendly device that would 
be more capable of capturing useful data than a simpler solution. While it should be noted that more in-
depth testing may reveal flaws in this design that necessitate redesigning, this is a good overall vision of 
what we plan to build.  
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Figure 20: Labeled isometric view of the composite top design 
While it was not mentioned specifically in the decision matrices, this design will most likely 
require external support sleds, as labeled in Figure 20. These sleds help to reduce the instability inherent 
to the rounded head design, while not significantly impacting the bow wake and how much sediment is 
disturbed in the imaging area. These skids, while not particularly hard to design mechanically, must be 
carefully considered when implementing them in the overall design to make sure they do not create a 
snagging hazard. The bulky skids create a risk for getting get caught in debris or plant life that may be 
present on the seafloor, but are a necessary part of our design in order to ensure stability during the image 
capturing process. 
As seen in Figure 21, this design leaves ample space vertically for both the Pi, its power source, 
and the dual camera imaging system decided on in our decision matrix. This allows us to move the 
“Seabed Imaging” USB camera higher or lower in the canister depending on how much it affects bow 
wake and what kind of focusing lenses are available. Similarly, the height of the “Sediment Profile 
Imaging” Raspberry Pi camera can be controlled by the length of the prism and size of the pressure vessel 
head in order to suit our imaging needs. 
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Figure 21: Labeled profile view of the composite top design 
Figure 22 shows that, while a bit cramped, there is enough space horizontally to fit all of our 
components. Should we need more space, likely due to wiring needs, larger sizes of tubing are readily 
available from online merchants that we can use instead without impacting the overall design of the 
pressure vessel. This decision will be made later in our critical design once we have sourced our 
electronics and know exactly how much space we will need. 
 
Figure 22: Labeled top view of the composite top design 
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This design includes a Raspberry Pi housed inside the pressure vessel, controlling the two camera 
modules. This Pi will be powered by a portable cell phone charger, which is designed to have a USB 
output, the required power for a Raspberry Pi. This Pi will be connected via Ethernet tether to another 
Raspberry Pi in a control module kept on the surface. This Pi, powered by its own battery pack, will store 
all of the data captured by the Micro-SPI and display the driving camera stream on a screen. This screen 
will also show lower resolution previews of any images as they are captured. The control module will 
have at least one button to trigger a high-resolution image capture of both seabed and profile images. The 
user will also be able to extract the data from the topside module after a day of operation, using a USB or 
some other method. The pressure vessel should not need to be opened for any typical operation, which 
will help increase its lifetime. The pressure vessel and control module will need to be charged separately, 
but should use standard charging cables. 
 There is currently no design for the topside control module; however, there are few specifications 
that will need to be met. The module will need to be watertight, positively buoyant, and have enough 
space to house the electronic components. These include a screen of undetermined size (options include 
3.5”, 5”, 7”, 10”, and more), a Raspberry Pi, a battery pack that can power both screen and Pi, at least one 
button, and a mount for the Ethernet tether. 
IX. Final Design 
 After finishing the details of our final solid model, we ended up with the following design, seen 
fully assembled in Figure 23 below. All drawings for individual parts and sub-assemblies can be seen in 
Appendix 25. 
   
Figure 23: Fully assembled solid and transparent models of the Micro SPI 
 There have been several modifications to the layout of the device, but the overall design remains 
the same from our intitial top design concept. Figure 25 shows a labeled exploded view of the device with 
all of the major features anotated. 
 First off, we now have a design for our topside controller, as seen below in Figure 24. The design 
is fairly simple, it is just a 3D printed shell to hold a Raspberry pi, a battery, a screen, and some basic 
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button inputs. The shell will be printed in two halves and held together with series of self threading 
screws for plastics, and sealed against water with low strength flexible epoxy. The screen is protected by 
an acrylic panel that is permanently glued in place on the controller body. The input switches are mounted 
in place, and will be water resistant themselves. Overall, the controller is not designed to be fully 
waterproof, but splash proof so that it can be safely used in a small ocean vessel. 
 
Figure 24: Solid and transparent topside controller design 
 As for the probe itself, we added a significant number of modifications to make it overall more 
reliable and feasible to build. First, we added some more detail to the upper cap (3) of the pressure vessel. 
This includes adding a sealable plug that houses a charging port (1) for our battery pack (4) and a thru-
hole (2) for the ethernet tether to pass through the cap and connect to the Raspberry Pi(5) inside. The cap 
itself is to be made of 6061 aluminum, as it is easy to machine and corrosion resistant. The charging port 
is safely contained inside a specially made potrusion behind a ½” diameter bolt with a sealing o-ring to 
prevent any water from reaching it during operation, while still allowing easy access once the bolt is 
removed. The charging port also serves as a pressure relief valve. This allows the user to insert the upper 
cap without creating positive pressure, and remove it without drawing a vacuum. It also allows the user to 
safely vent the pressure vessel should the battery fail and cause a pressure buildup. The ethernet thru-hole 
will have the ethernet cable permantly inserted, and sealed against water using epoxy. We also plan on 
mounting strain relief to prevent damage to the ethernet cable during normal use. 
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Figure 25: Annotated exploded view of the Micro SPI 
 As labeled, one can see the Raspberry Pi, USB camera (6) for the top down view, the battery 
pack, and the Raspberry Pi camera (7) for the profile view all attached to the upper cap. The mounting 
system for the electronics consists of two ¼” threaded rods inserted into tapped holes in the upper cap. 
The electronics themselves are mounted on plastic carriges that slide along the threaded rods, and can be 
fixed in place with ¼” nuts. This allows the position of the electronics to be easily changed without 
having to redesign the whole mounting system. The carriges are made of plastic both for easy production 
and to prevent short circuiting of the electronics should they make contact with the mounting system. 
Both cameras are mounted on standoffs that can be adjusted in order to fine tune the camera postions for 
the best quality images. This modular mounting system makes it easy to access all the electronics while 
they are still wired together, which makes maintanence and troubleshooting for the device much simpler. 
A large capacity lithium ion battery was chosent to power the device, as it allowed us to keep the form 
factor of the Micro SPI small, while still providing enough to power to use the device for a full day of 
testing. 
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 All components fit inside the pressure vessel, which has a view port on the side for the surface 
view prism (10)  to allow the USB camera to see out of the pressure vessel and down onto the ocean floor. 
The prism is mounted on the viewport using a sheet metal housing that holds the prism and a reflective 
mirror in place. There are also several holes drilled in the pressure vessel to allow LEDs to be inserted 
and illuminate the viewing area, which are permanently sealed with epoxy. The pressure vessel itself is 
made of 4” OD 6061 aluminum with a 1/8” wall thickness. Although 1/8” is much thicker than we need 
to reach 30m depth without failing, it makes the welding processes we plan to use during manufacturing 
less likely to cause warpage that may compromise the water tightness of our seals. The upper cap is fixed 
into the pressure vessel via 4 bolts (8), which align with a slot cut into the upper cap, and is sealed against 
water with a large radial o-ring. Three landing legs (9) are attached to the base of the pressure vessel to 
help stabilize it when taking photos, which can be folded down for storage and to protect the profile view 
prism (12) during transport. Two ¼”-20 holes are drilled and tapped into each landing leg base to be used 
later to balance the probe upon decent and add excess ballast if necessary.   
  Lastly, the lower cap is attached to the pressure vessel via three more hex head screws and an o-
ring. The lowere cap is equiped with a port for the profile view prism to allow the Raspberry Pi camera to 
take pictures of the sediment layers. We opted to use 3 bolts (11) instead of permanently welding the 
lower cap (13) on in order to make maintanence of the device easier, as this allows the user to fully 
disassembly the device in order to clean or repair it. The prism and reflective mirror are again held in 
place using a sheet metal housing. The cap itself is made of a solid piece of 6061 aluminum. The shape of 
the cap is designed to disturb the sediment as little as possible while still allowing full insertion of the 
profile view prism. The cap also has four holes to allow the mounting of LEDs to illuminate the viewing 
area.  
 As for a parts list, Apendix 22 shows a detailed order list and cost chart showing all parts required 
to build this device, prices, sources and an estimated lead time on how long it should take to receive a part 
once we order it. It should be noted that we have ordered roughly twice of what we should need to build 
the device for all components. This is so that if we were to damage any of our critical parts during the 
assembly or testing phase, we can quickly replace them without having to wait for more parts to arrive. 
As shown by our order list, the total costs of our design is $825.21, far less than our required $2500. Note 
that this does not include shipping costs as many of the sources, namely Mcmaster Carr, do not offer 
shipping quotes until an order has been placed. However, considering that we are well under budget with 
all of our necessary components and spares, it seems reasonable to assume that the shipping costs will not 
break the budget. We opted to use online sources for all of our parts, as most of what we were purchasing 
were fairly specific and the San Luis Obispo area has limited specialty parts shops. We also opted to 
prefer websites with fast turn around times like Mcmaster Carr and Amazon, due to the reliability of when 
we receive parts. This is especially critical since our sponsor is going to placing orders from New 
Zealand, and any delays in the shipping could be difficult to remedy due to the difference in time zones.  
X. Justification and Analysis 
 For our device, we had numerous calculations we performed to ensure our device would operate 
properly. Most of these analyses were done via hand calculations, with a few being done using specialized 
software. Listed below is all our engineering specifications and how our design meets them. This section 
also includes specific calculations performed in order to justify our design, some of which were not 
included in our engineering specifications, but we decided were important enough warrant calculations 
anyway.  
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A. Engineering Specifications 
 
 This section covers all of our previously laid out engineering specifications, many of which did 
not require complex calculations and hence do not have their own section in the calculations section 
describing what calculations we ran for them. 
 
[1] Storage Volume: This requirement was to fit into a 0.125 m3 volume, which correlates to a 0.5m 
x 0.5m x 0.5m cube. In our design, the inspection probe is .38 m long, and has a maximum 
diameter of .2 meters. This is well with our size requirement, and leaves plenty of storage space 
for our controller, which is .25 m x .15 m x .1 m, and our tether. 
[2] Mass: This requirement was to be less than 10kg. According to our buoyancy calculations in 
Appendix 14, the probe itself weighs approximately 7 lb or 3.2 kg. While this does not include 
the topside controller or tether, the probe is the heaviest portion of the design and since that is 
well under our weight limit, it seems reasonable to assume our design is below the maximum 
weight. 
[3] Depth Rating: This requirement was to be able to reach 30m of depth underwater. As 
mentioned below in the depth rating calculations, our device easily reaches this depth. 
[4] Tether Length: This required 50m of tether. Our design is small and light enough to easily 
accommodate that much tether while still meeting our size and weight requirements. 
[5] Image Resolution: This required us to have at least 600 dpi resolution for our photos. The 
cameras we selected both have 8 MP resolution, which according to Table 1, means they have a 
resolution of 3264 x 2448. Since we have to penetrate 20mm, or just under 1” into the sediment,  
we would need an imaging area of around 1” x 1” to produce a square image. This means the 
minimum resolution of our images will be around 2400 dpi, which is well above our 
requirement. 
[6] Battery Life: As mentioned below in the electronics platform justification calculations, 
Appendix 16 show that our battery selection should provide ample power for the required 100 
deployments. 
[7] Local Data Storage: This required us to be able to store 200 high resolution images. As shown 
in the electronics platform justification calculations below, our design uses a 32gb SD card, 
which has enough room for more than 2000 images of our desired resolution, which is far more 
than we need. 
[8] Disassembly in the Field: This requirement states that the pressure vessel cannot be opened 
during normal operation. Our design has no need to open the pressure vessel at all, as all data is 
accessible from the topside Raspberry pi, and the charging port is accessible externally. 
Therefore, we meet this requirement. 
[9] Number of Faulty Deployments: This requirement stated that less than 10% of recorded data 
can be faulty. In this design, the user initiates all data capture and will have a live feed of the 
images being recorded, meaning they can confirm the data they are capturing is valid before they 
record it.  
[10] Tether Diameter: The diameter of the tether will be restricted to no more than 1cm. The 
Ethernet cable being supplied by our sponsor is less than 1 cm in diameter and hence meets this 
requirement. 
[11] Underwater Impact Durability: The device must be able to withstand a 30 m underwater drop 
onto a solid surface, such as a rock. The current design uses a solid aluminum head and body for 
the pressure vessel, which should be more than capable of withstanding such an impact. Once 
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the device has been built, we will perform durability tests, as mentioned in the Design 
Verification Plan section later in the report. 
[12] Prototype Cost: The sponsor has determined that they would like the final cost of the prototype 
to be at maximum $2500. As shown in Appendix 22, our total costs for this project, which is 
well under budget. 
 
B. Specific Analysis 
 This section covers all of the more detailed calculations that were too detailed to fit in the 
engineering specifications section, as well as some additional calculations that were deemed important 
enough to include in this report despite them not being in our engineering specifications. 
 
1.  Buoyancy Calculations: 
 For buoyancy calculations, we wanted to make sure that our probe would sink properly in an 
undersea environment. The customer has stated that we need to be able to penetrate into at least 20mm of 
sediment. This means the device must both sink in a vertical orientation, and be negatively buoyant 
enough to drive itself into the sediment.  
 The buoyancy calculations were done using our SolidWorks model. By entering the real world 
weights and densities for our main assembly, we were able to use built in SolidWorks analysis tools to 
find center of mass and center of buoyancy. Center of buoyancy was found by replacing all parts in the 
assembly with parts of equivalent volume with the density of water. Therefore, the new assembly shows 
the mass of displaced water from our device. Using this, as well as the center of mass of the original 
device, allows to compare center of buoyancy to center of mass. The results of this analysis, shown in 
Appendix 14, shows that our total mass makes us slightly negatively buoyant, meaning the device will 
sink as planned. It also shows that our center of mass is approximately one inch directly below our center 
of buoyancy, meaning the device will be stable vertically underwater. If more weight is needed to 
properly penetrate the sediment, it can easily be added either inside the canister or on the landing legs. 
These locations are below our current center of mass, so it will make the center of mass even lower and 
further increase the stability of our device should we need more weight. 
 
2. Lower Cap Head Shape Analysis: 
 As for how we decided on a final design for a head shape that would disturb the sediment as little 
as possible, we mostly based our design on our original head shape testing. As seen in Appendix 10, the 
rounded head shape by far had the lowest amount of disturbance when plunged into the sand. Likewise, 
the extension of the prism vertically away from the main pressure vessel housing reduced the bow wake 
and thus caused less disturbance of the sediment under examination. Therefore, our final head shape was 
of a rounded design that still fit with our other design requirements, as seen below in  
Figure 26. 
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Figure 26: Final design head shape. 
 
 While this is the design we are currently using for final design, we also have 3 other head shape 
designs based on the rounded head shape that feature different contours than shown in Figure 25. We 
have had all four designs 3D printed at the innovation sandbox, ready to be tested in a similar manner as 
our earlier head shape testing. Unfortunately, due to a storage mishap our testing fish tank was broken 
shortly before we had planned to do the final tests on our 3D printed head shapes. Therefore, we plan on 
testing to determine which of our four head shapes performs better after our CDR has been completed. 
Currently, the new fish tank is in transit therefore testing will be taking place in the coming weeks. The 
contours of the head shape can still be in the design phase for a few more weeks as they do not affect 
other aspects of the design. Details on the previously mentioned testing plan can be seen later in our 
Design Verification Plan section. 
 
3. Heat Generation Calculations: 
 To ensure our electronics will not overheat in our sealed container, we ran some worst-case 
scenario calculations on heat transfer out of the device to the surrounding water. After conduction some 
rudimentary research on ocean currents and temperature conditions, we assumed that water would be flow 
around the Micro-SPI at approximately 6 km/hr and be at 25°C.  To simplify the model, the following 
assumptions were made for the heat generation calculations: 
A. All heat dissipation can be modeled as originating from the battery. 
B. Conduction through the cylinder only occurs at the thin walls of the pressure vessel 
housing, therefore the caps can be effectively modeled as being well insulated. 
C. Natural convection within the cylinder is neglected and conduction through the air within 
the housing is only considered. 
D. System is at steady state with no heat generation along the heat transfer mediums.  
 The details of the rudimentary calculations can be found in Appendix 21. It is important to note 
that these are very conservative assumption, in reality much of the heat will be generated in our high 
powered LEDs, which are mounted externally and hence should be have most of the heat dissipated 
directly into the ocean. From the calculations, the steady state temperature inside the pressure vessel was 
calculated to be roughly 70°C.  Given that our maximum temperature for our electronics is 80°C, it seems 
reasonable to assume that our device will not overheat during normal use. However, should we find that 
we generate excessive heat, a heat sink may be attached between the battery and the pressure vessel wall 
to aid in heat dissipation.  It is important to note that the inside temperature of the cylinder wall at steady 
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state is at approximately 25.06°C, only 0.06°C above that of the ocean.  If heat sinking is needed, the 
internal wall of the cylinder would be an excellent location to develop a heat sink network given the high 
conductivity of aluminum.  
4. Depth Rating Calculations:  
In order for our probe to operate at the 30m of depth requirement posed by our sponsor, we must be sure 
that the pressure vessel will be able to handle that kind of pressure. In order to calculate this, our team 
opted to use the “Under Pressure” design software made by DeapSea Power and Lights, which is based on 
stress equations from “Formulas for Stress and Strain, sixth edition, by Raymond J. Roark and Warren C. 
Young” [10]. This software allows you to enter your design criteria for a pressure vessel, such as length, 
diameter, wall thickness, and material, and then automatically calculate the maximum depth rating before 
failure for those parameters, as seen below in Error! Reference source not found..ating requested by 
the sponsor. 
 Using the tubing described in our final design, we found that our pressure vessel can withstand 
depths of up to 1200m, as seen in Appendix 16. This is well beyond the 30m depth rating requested by 
the sponsor. 
 As for the sealing surfaces, all O-ring seals in this design were developed using the Seal Design 
Guide from Apple Rubber [13]. As seen in Appendix 15, the seals laid out in the chart are rated for 
1500psi which is roughly equivalent to 100m of depth, well passed our required depth of 30m. Therefore, 
it seems reasonable for us to assume that our O-ring seals are sufficient for this application. All other 
sealing surfaces, such as viewing windows and tether connections, will be permanently sealed with epoxy 
and hence should not have any leakages. Our testing plan will verify that all sealing surfaces are 
watertight before we test any electronics underwater, and will allow us to troubleshoot any potential 
problems without damaging delicate components. 
 
5. Electronics Platform Justification Calculations: 
 
 To ensure the viability of the electronics platform, research was done to see whether all of our 
desired features can be accomplished with a Raspberry Pi. The first aspect of the design is the connection 
between the two Pis across Ethernet. This is definitely possible, and should be fairly easy because Pis are 
intended to access the internet, which requires the assignment of an IP address. Even if only 2 Pis are on a 
closed network, setting an IP address should be quite simple. The next aspect was whether a Raspberry Pi 
could connect to two different cameras, which a forum on Raspberry Pi’s website indicated was possible, 
as long as only one of the cameras used the CSI port, and the other was USB [11]. Two cameras were 
purchased, one Raspberry Pi Camera module and one USB camera, and the raspberry pi was successfully 
able to capture images from each camera. 
 Another major component was making sure that the Pi could stream video captured from a 
camera. An article on Stack Exchange indicated that the output from a video stream could be directed to 
any pipe, not just memory [12]. It could also be split into multiple data streams if necessary. This 
functionality should allow us to redirect the video for the driving camera through the connection to the 
topside Pi, where it can be directed to the screen and displayed. These were the anticipated problem areas 
for the electronics platform, but research showed that this is possible. 
 Calculations were done to verify that the batteries selected could power their respective 
components for sufficient amounts of time. The chosen batteries will be able to power the components for 
much longer than the anticipated daily usage time, as shown in Appendix 17. This appendix also includes 
calculations for how large the memory cards for the Raspberry Pis should be, resulting in the selection of 
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32Gb memory cards. Appendix 20 shows the block diagram of how all the different circuit components 
will be connected. Calculations for the resistance and power rating for the resistor in the circuit with the 
high powered LEDs are located in Appendix 17. The resistance should be around 7Ω, with a power rating 
of at least 5W. A 15W resistor will likely be chosen to ensure a large safety margin. 
 A program flow diagram for the program running on the controller has been included in 
Appendix 19. This outlines the functionality and user inputs that will likely be included in the controller 
module. The back-end details of the communications between the Pi in the controller and the Pi in the 
probe have not been included in order maintain brevity. 
 
XI. Manufacturing 
 Our design required a significant amount of manufacturing, especially for all parts involved in 
sealing against water ingress. For this reason, most of the pressure vessel is made of easy to machine 
aluminum, while most of the parts for holding electronics were 3D printed. It should be noted that many 
of the machined parts would be very difficult or expensive to make without free access to a full machine 
shop and CNC machine, and several parts will likely have to be modified to make this device easier to 
reproduce. Below is a list of all manufactured parts, how to make them, and any recommendations we 
have for easier reproduction. 
 
1. Side View Port Mount  
 The view port is made from 1 ½” x 1 ½” aluminum bar stock from McMaster Carr. Note 
that large v-blocks will be needed to hold the pressure vessel when machining the viewport post 
weld, as can be seen in Figure 27. 
 
 
 Figure 27: Mounting system for machining the viewport on the pressure vessel 
a. The basic shape and prism mount holes can be machined on a standard three axis mill.  
b. The 4” radius curved edge that will mate with the pressure vessel should then be 
machined using a rotary table and mill.  
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c. Once completed, this needs to be carefully welded onto the side of the pressure vessel to 
ensure a water tight seal is made. NOTE: welding should be carried out in conjunction 
with the landing leg mounts 
d.  The surface of the mount should be faced down once welded to ensure a flat surface for 
the prism. 
e. The counterbore hole for the viewport should be drilled all the way through the pressure 
vessel 
f. Drill two additional counter bored holes in the upper corners to route the external LED 
wires through. This was done since the side walls of the pressure vessel are too thin to 
support epoxy needed to hold the wires in place.  
g. We opted to drill small horizontal holes into the counterbore to let the wires go sideways 
to not hit the prism, but this made pushing them through into the pressure vessel difficult, 
it may be easier just to use slots. 
 
2. Landing Legs  
 The legs are made from 6061 ¾” aluminum bar stock from McMaster Carr. They can be 
relatively easily machined on a mill, and then attached together by fillet welding. Any warpage 
should be minor, but can be addressed by bending the legs back into proper form using a vice. 
 
3. Landing Leg Mounting Brackets 
 The struts are made from 1 ¾” aluminum bar stock available from McMaster Carr. The 
general shape can be cut using a band saw, with all holes done on a standard 3 axis mill. The 
Struts can then be simply welded onto the side of the pressure vessel.  
 
4. Welding 
 The landing legs themselves are a quick weld and can be done by hand with a TIG 
welder. However, when we made the pressure vessel, we opted to get the welding professor to 
perform the welds as some of these would be difficult for an amateur. He also opted to use a TIG 
welder for these welds. When welding, be sure to space the landing leg mounts and side viewport 
mount in relation to each other. Also be sure to leave excess material on either end of the pressure 
vessel so it can be cut to length precisely after the welds are finished. An image of the finished 
welds can be seen below in Figure 28. 
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 Figure 28: Finished SPI welds cooling 
 
5. Pressure Vessel  
 This part was particularly difficult to machine. It is made from 1/8” thick 4” diameter 
6061 aluminum tubing from McMaster Carr. This part can be made entirely on a lathe, although it 
will take a lot of time to get it done properly.  
 
 
 Figure 29: Pressure vessel on lathe with steady rest 
 
a. Before any other operations are done, first the view port and the mounting brackets 
should be welded to the pressure vessel.  
b. The pressure vessel should then be checked for any excessive warpage before continuing.  
c. The tube can then be cut to a rough length on a band saw.  
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d. The end of the tube held in the lathe needs a solid plug inserted into it to allow the lathe 
to fully tightened down without warping the tube. 
e. The length should then be faced down to the final length. 
f. The O-ring sealing surface is very difficult to properly machine due length of the pressure 
vessel and the difficulty of rigidly mounting it. The pressure vessel needs to be held in a 
large diameter steady rest supporting the tube midway when in the lathe to properly be 
machined, as seen in Figure 29. 
g. The actual inner diameter of the tube will vary due to uncertainty in the stock material. 
Therefore, the actual target inner diameter will be dependent on the closest O-ring size 
that fits, as specified in the Apple Rubber O-ring Design Guide [13]. 
 
6. Lower Cap  
 This part is made from 4” 6061 aluminum round stock from McMaster Carr. The total 
length and O-ring grooves can be turned down on a lathe, in the same manner as the upper cap. 
Once it is the right length and acceptable O-ring seals complete, the features on the bottom side of 
the cap should be machined by hand. 
 
 The raspberry pi camera slot of the lower cap should be machined on a 3 axis mill by 
hand. The slot takes a considerable amount of time to machine, and will be dependent on the tools 
available. Since we only had a ½” end mill long enough to cut the full 1 ½” depth, the corner 
fillets were pre-drilled using a smaller standard drill bit, and then the rest of the material was cut 
using the endmill, as seen below in Figure 30.  
 
 
             Figure 30: Camera slot being machined 
 Once the hand machining is completed, the complex contours need to be cut on a CNC 
machine using a ball nose end mill.  During the same CNC machining operation, the prism 
mounting surface, LED holes, and view port counter bore can also be machined. In order to 
mount the cap in the CNC, the slot previously drilled into the base of the cap should be used to 
locate a soft jaw vice, as seen in Figure 31. A ¾” flat end mill was used for the initial rough cuts, 
and a ¾” ball endmill for the contours. This program took around 45 minutes to run on our CNC. 
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 Figure 31: Lower cap in the CNC machine before  and after 
 
7. Upper Cap 
 The base material was 4” 6061 aluminum round stock from McMaster Carr. The overall 
shape, length, the O-ring groove, and the charging port are made by a turning process on a lathe. 
We used a CNC lathe for the O-ring groove in our case, but it can also be cut by hand. The holes 
needed in the upper cap should then be drilled on a 3-axis mill and tapped by hand. 
 
 
 Figure 32: Upper cap being cut to length on a horizontal band saw 
a. First off, mount the stock into the lathe and be turned down to a flat if needed. 
b. The lower section of the end cap should be turned down to the appropriate diameter to fit 
inside the pressure vessel and beveled 
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c. The o ring groove should then be cut, ensuring to use a feed speed to get an appropriate 
surface finish. 
d. Cut off the now machined O-ring section off at the rough length with a horizontal 
bandsaw, as seen in  Figure 32. 
e. Once rough cut, put the cap back into a lathe and machine the cap down to the final 
length and add chamfers as necessary. 
f. Now, mount the cap in rotary table on a 3-axis mill and drill all the holes and 
counterbores needed in the top side of the cap. 
g. When finished, tap the holes as indicated with a hand tap. 
h. The Ethernet cable can now be glued in as needed with marine epoxy, but be sure to 
install the strain relief before inserting the cable, as the strain relief will not fit over the 
uncut end of the Ethernet cable. 
 
8. Prism Sheet Metal Housing  
 The prism assembly is made from 1/32” thick aluminum 2024 sheet metal. The sheet 
metal can be cut by hand using paper templates as a guide, and then bent using a sheet metal 
bender. All holes should be pre-drilled by hand or with a drill press. An example of a finished 
lower cap prism mount can be seen below in Figure 33. 
 
 
 Figure 33: Final lower cap prism. 
9. Prism Assembly  
 The prisms should have mirrors glued on using optical grade acrylic adhesive, such as 
LOCA brand glue. Once an acceptable bond is formed between the mirrored acrylic and prism, 
the mirror prism assembly can then be permanently attached in the sheet metal housing using 
marine epoxy. 
 
10. Controller 
 This takes around 60 hours get printed from an ultimaker 3D printer, as seen in Figure 34, 
with around 2 hours to fully assemble once printed.  
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 Figure 34: Controller lower half being printed at innovation sandbox 
i. The controller body and mounting surfaces can 3D printed with any 3D printer with a 8” 
base or larger.  
j. The acrylic viewport for the LCD screen should be laser cut if possible, although it 
should be possible to cut using a bandsaw.  
k. The gasket should be laser cut, as seen below in Figure 35, although if desperate a hand 
cut gasket can be made, but it is a very tedious process. 
 
 
  Figure 35: Gasket being laser cut 
l.  The viewport should be glued in using silicon glue, as it is optically clear and 
waterproof.  
m. Solder the micro usb charging port and usb data port to interal wires that can reach the 
battery pack and raspberry pi. 
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n. The internal components can then be mounted in their proper places and cables can be 
routed. It is recommended to use “right angle” USB cables for internal cables routing, 
and an “Up angle FPV” HDMI cable to fit properly. 
 
11. Electronics 
 This is a somewhat long and tedious process but not particularly difficult. Simply follow 
the wiring diagram provided in Appendix 20 to connect all electrical components. Note that you 
will need to crack open the casing on the rechargeable battery packs to rewire the power button. 
Also note that there are numerous USB cables used in this prototype. Given several different 
space restrictions, we shortened many cables or used smaller connectors, in order to fit all wiring 
in both the controller and the probe. Be careful when shortening wires to match the correct wires. 
There are several different coloring conventions, so some research may have to be done to 
determine with wires from one cable match up with certain wires in the other cable. 
 Also be careful to connect wires to the correct pins on the Raspberry Pi. The circuit 
diagrams in Appendix 20 label pins by their sequential board number. In software, however, these 
pins are referred to using BCM notation, which is the number appearing after GPIO_ on their 
labels, as shown below in Figure 36. If wires are connected to the wrong pins, then the device 
will not work. 
 
 
Figure 36: Raspberry Pi Pin Layout 
 
 
12. Electronics Mounts  
 These parts can all be 3D printed without any extra procedures. The support rods can be 
cut to length from stock 1/4 – 20 threaded rods from McMaster Carr. Once printed, simple screw 
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the electronics in place with plastic screws and assemble them on the threaded rods, as seen 
below in Figure 37. 
 
 
 
 Figure 37: Assembled electronics mounts, both with and without battery pack 
 
 Recommended changes 
  
I. Upper/Lower Cap Seal and Pressure Vessel 
 The most difficult machining operation by far was trying to get the radial O-ring seals 
properly machined in the pressure vessel. The length of the tube creates a large moment on the  
end of the tube, requiring a firm clamp at the opposite end in addition to a steady rest to provide 
additional support. However, the large diameter of the tube makes getting a firm grasp on the tube 
difficult. While it would be easier to machine now that we have found the large diameter steady 
rest, without access to specialty lathe tools it may prove difficult to reproduce. 
 Instead, we would recommend permanently welding the lower cap in place, and using a 
gasket seal for the top cap. In our current design the lower cap doesn’t need to be removed, as all 
maintenance can be done by removing the upper cap. The gasket seal would be much simpler to 
manufacture, and would not require you to measure the variations in the inner diameter of your 
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stock tubing and finding the appropriate O-ring size to match it, which would be good for having 
standardized parts if you plan on making multiple devices. 
 
II. Controller 
  
a.  In order to fit on the 3D printers available at school we had to shrink the design slightly. 
This caused the internals of the controller to be slightly cramped, and the shoulder 
buttons needed their contacts bent slightly in order to fit. We recommend making 
modifying the solid model to be about 1” wider to fit all the components properly 
b. The panel mounted connections tend to cause the controller wall to bend slightly. Adding 
a small lip to the walls of the controller would help prevent this bending and would help 
the controller feel sturdier. 
c.  We discovered that the waterproof Ethernet cable does not properly seal against water 
with the Ethernet connector you left with us, although it does thread on for strain relief. 
We were unable to find the model number of the Ethernet cable or the connector, but if 
you have that information it should be easy to change the solid model to fit the proper 
Ethernet connector. 
d. Also note that the 3D print material is slightly porous, and may leak water over time. We 
did not have time to fully test this, but it may be advisable to coat the controller with 
some sort of spray coating to prevent leakage. 
e. The safe power off cycle for a raspberry pi requires a pulse instead stead of a toggle 
switch, so the rocker switch on the controller could cause data corruption if turned off at 
the wrong time. It should probably be replaced with a push button switch to make 
powering off the controller safer. 
 
III. Side prism 
 When we welded on the side prism, we ended up welding over the prism mount holes 
making it impossible to mount the side prism using the removable method we had originally 
designed. We were instead forced the epoxy the side prism mount to the side of the pressure 
vessel. 
 We recommend making the prism mount slightly longer to keep the prism mount holes 
clear of the weld bead.  
  
IV. External LED Wires 
 We originally decided on using braided wire for the external LEDs for flexibility so they 
would not break off from repeated bending. However, we found that the braided wires could wick 
water slowly through them. Although they do not leak when soldered in place and covered in 
epoxy, they could be a potential leak source if the insulation is damaged. 
 We recommend switching to solid core wires to prevent leakage, even though this will 
reduce the durability of the wires. Alternatively, there are methods involving stripping part of the 
wire and filling it with epoxy to prevent water wicking. It may be worth considering, but we are 
not familiar with how well it works. 
 
V. Machined Prism Housing and Glass Prism 
 Unfortunately, we ran out of time when doing final testing of the prism system and had to 
use a simple sheet metal housing with acrylic prisms. We found that glass prisms have a slightly 
clearer image that acrylic ones during our tests, but would require additional protection to prevent 
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shattering. A solid machined prism housing would have been ideal, but we did not have time to 
make this. 
 
VI. Camera focus 
 When adjusting the camera focus, we ran into some issues getting the lenses properly 
adjusted. Both cameras were too close to the required viewing surfaces to properly adjust the 
lenses in their mounts. 
 For the Raspberry Pi camera, we just needed to shorten the mount for it down to 1/4” 
thick, which also had the added benefit of no longer requiring a deep pocket to be drilled into the 
lower end cap, which would simplify the machining process. This design change has been made 
in the final 3D model. With some slight modifications to the length of the pressure vessel, it 
would be possible to eliminate the pocket entirely. However, since the camera mount no longer 
mates with that pocket, it is harder to line up the threaded rods when inserting the top cap and can 
take a few minutes to line it up. Therefore, it may be advantageous to leave the pocket in the 
lower cap and extend the sides of the camera mount to act as guide rails for the electronics 
package. 
 As for the USB camera, the camera either needed to be moved further back into the 
canister a few inches, which is difficult due to limited space, or moved up the side of the canister 
higher or make the canister slightly longer, both of which should be easy to do in the next 
version. However, for the current prototype we simple put the lens mount on a spacer to bring the 
focal point out further away from the sensor, allowing the camera to be focused. However, we 
found that this causes the camera to be out of focus when looking at anything further away than 
about 6”, making it difficult to use as a “driving” camera. It is unknown if it is possible to have 
the camera focuses both on the sediment surface and to infinity for driving purposes, more 
research is needed. 
 
VII. Top Cap Layout 
 When manufacturing the top cap, we decided discovered a better system for strain relief 
than originally planned. Note that these changes are included in the final prototype but the 3D 
model only includes a placeholder blank hole, as the hardware we used is not ideal and should be 
replaced with aluminum versions that may not be the same tap size. 
 For strain relief, we opted to tap a hole for an eye bolt that could then attach to a cable 
strain relief grip. Note that due to short notice we could only get our hands on stainless steel 
strain relief hardware and eyebolts, which should be replaced with aluminum if possible. Overall, 
the strain relief works very well and simply requires more appropriate mounting hardware.  
 
VIII. Ethernet Wear 
 While the strain relief we used is effective when lifting the device, it seems that the 
Ethernet cable still has some stress on it during storage and transportation. It seems that it will 
likely eventually form rips or tears in the Ethernet insulation, which would allow water to flow 
into the pressure vessel.  As a long term solution, a removable waterproof connector mounted in 
the top cap seems like a good change to make in later revisions. This would allow the cable to be 
replaced when it is damaged, and isolates any leaks in the cable from the actual pressure vessel. 
 A short term solution would be to fill the lower section of the Ethernet cable that 
protrudes into the pressure vessel with epoxy. This would prevent any water that entered the cable 
through rips or tears from entering the actual pressure vessel and damaging the electronics. 
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IX. Landing Legs 
 When machining the slot in the landing leg mounting bracket that allows the leg height to 
be adjustable, we sized the slot for the wrong size end mill. This caused the ¼-20 bolts we used to 
secure the legs to be loose in the slot. To correct this, we put spacers around the bolt threads to 
remove the excess slop. However, this makes it difficult to remove the legs and fold them up for 
storage. 
 It is recommended that future versions use a smaller slot for on the landing leg brackets 
to allow the legs to mount securely while still being easily removable. 
 
 The complete technical drawings of manufactured parts can be found in Appendix 25.  On many 
of these drawings, a desired manufacturing process is specified. Specific instructions for assembly are 
given on many components that require critical directions to ensure proper function of the Micro-SPI. 
Page 1 of Appendix 25 shows a detailed flowchart of all manufactured parts and their relation to each 
other.  Also on Page 1 of Appendix 25 is a table showing the part number format for organizational 
purposes.   
 
XII. Design Verification 
Once we completed the physical prototype, we were able to begin testing the finished device. 
Many of the concerns we are testing for can be seen in the Design Failure Mode and Effect Analysis 
(DFMEA) in Appendix 18. All safety considerations mentioned in Appendix 13, the Design Hazard 
Checklist, were considered when testing. Note that we did not have time to complete some of the desired 
testing procedures, and instead focuses on making sure we had the core functions working properly. 
i. Camera Resolution Testing  
 Before assembling the entire probe, we performed some initial tests on the camera resolution. In 
this test, we found that both camera have a minimum of ~450 DPI when looking through an acrylic 
viewport and mirror acrylic prism. We also found that the glass prism had slightly better resolution, 
although not a huge amount. Unfortunately, the test images we printed were only able to measure to 
450DPI and we could not see the cameras’ upper limit of resolution. However, based on the image clarity 
at 450 DPI is did not seem unreasonable to assume the cameras could reach 600DPI of resolution. Since 
the cameras were at least in the ball park of the correct resolution, we decided our time was better spent 
finishing the actual probe rather than continuing to test the cameras in their unassembled state. 
 
Test Procedure: 
1. The cameras were mounted through holes in a cardboard box looking down at a resolution test 
chart.  
2. Light was applied with inside the box through a different hole to apply even lighting. 
3. A live feed was recorded to focus the cameras 
4. A still image of the resolution chart was captured and examined and the camera resolution was 
calculated using the formula provided on the test chart 
 
ii. Electronics Testing 
Electronics testing was performed concurrently with development of the software, and so cannot 
be narrowed down to a few tests. There were some initial proof of concept tests, such as ensuring that the 
battery, LED buck, and solid state relay could correctly control the high powered LEDs, but most “tests” 
were performed countless times while developing the code. The other main hardware electronics test was 
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to make sure that a signal from a Raspberry Pi could correctly turn on the battery and Raspberry Pi in the 
probe. 
 
 
iii. Pressure Vessel Leakage 
 In this test, we found that the pressure vessel is water tight in shallow water for several hours, as 
seen in Figure 38. We also found that it does not spring any leaks at approximately 10m of depth over the 
course of a few minutes. One thing to note is we found that water can wick through the external LED 
wires. If the wire casing is nicked or the epoxy is cracked, water may be able to find it’s way into the 
pressure vessel slowly. Fortunately, the leak is slow enough that it should be visible in the lower camera’s 
field of view before the water gets high enough to damage electronics. 
 
 
Figure 38: Pressure vessel bucket test 
 
Test Procedure: 
 
1. All seals were lubricated with silicon based dive gel and ensured they were fully tightened 
2. Pressure vessel was left for several hours in a water filled bucket. 
3. Pressure vessel was opened and inspected for any signs of water or leaks. 
4. Once confirmed we do not leak at low pressure, we went to Avila pier and dropped it off into the 
water and left it there for several minutes, as seen below in Figure 39. The deepest area we were 
able to find was approximately 10m underwater. 
5. Due to attracting the interest of several nearby seals, we decided to recover the device after about 
10 minutes of submersion lest the Ethernet cable get bitten.  
6. When before opening the pressure vessel we looked through the view ports and confirmed there 
were no signs of water incursion. 
7. When we opened the pressure vessel there were no signs of water. 
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Figure 39: Pressure vessel pier test 
iv. Fully Assembled Operation 
 Once we knew all of our electronics components function properly and that our pressure vessel is 
watertight, we were able to begin fully assembled testing. This was primarily done to make sure the 
software properly functioned and all controller functions were working.  
 
Test Procedure: 
 
1. Device was powered up using controller and we ensured we were receiving communications from 
the probe. 
2. We then tested to make sure we could toggle the lights and receive a live feed from the driving 
camera. 
3. We then took a photo and ensured we could properly review it on the controller 
4. Once we had an image saved, we powered off the probe using the controller 
5. We then recovered the captured image from the controller on a USB flash drive and ensured it 
could be read on a full size PC 
6. We then made sure the power off sequence for the controller functioned properly 
  
58 
 
XIII. Conclusion 
 
Final Design Description 
 After a significant amount of work on manufacturing, testing, and programming, we ended up 
with a functional prototype of the Micro SPI, as seen below in Figure 40.  
 
Figure 40: The completed Micro SPI prototype. 
 We managed to include the vast majority of the desired features in this prototype, and have laid 
the framework for adding additional functionality if it is so desired. First off, the SPI probe is entirely 
waterproof, with no signs of leaks during our tests to 10m. It also has the dual camera system that allows 
for both a top down and cutaway view of the sediment. Both cameras have a roughly 1 inch viewing area 
with a viewing resolution near 600 DPI, although the actual resolution is unknown. The controller is able 
to power on both itself and the probe, and send commands to the probe over the Ethernet cable. The 
controller has a gasket seal and should be splash proof, although the porous nature of the 3D printed 
material will limit that unless is receives some sort of coating. The controller has switches to toggle 
between a live view and review mode where previously captured images can be seen. The images 
themselves are captured simply with a push button, which automatically illuminates four LEDs mounted 
flush in the lower cap to light the profile view imaging area and capture and image. There are also two 
high powered LEDs mounted on external flanges that are always on to indicate the device in powered on, 
and to provide enough light for the live view. The top down view prism, mounted on the side of the 
device, is permanently affixed to the side of the pressure vessel in order to securely hold the external 
LEDs in place. The lower profile view prism is attached with 3 nylon screws, which are designed to shear 
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off before causing damage to the threads that hold the prism in place. This allows the prism to be 
replaceable should it become scratched or cracked, and prevents the threads in the difficult to machine 
end cap from wearing out over time from hard impacts. The landing legs are adjustable in height to allow 
the device to be tuned for use in various sediment conditions, and to control the depth of the prism 
penetration. The landing legs have threaded holes to allow additional weights to be mounted should the 
device be too light to properly penetrate the sediment.  
Final Recommendations 
 We would like to say that we feel the device was a success. Major functionality was achieved, 
and the device is capable of performing its core duties well. Appendix 22 shows the final order list 
including all the parts we ordered to construct this prototype. Note this is what we actually ended up 
ordering, not necessarily what is needed to build the device, so you may want to double check what parts 
were actually used before ordering the entire list. We have also included in Appendix 24 a user guide that 
outlines basic usage of the device, and should help with turning on and testing the device. While we are 
satisfied with what we were able to achieve this year, we are aware there is always room for 
improvement. The following sections outlines our general impressions of each part of the design, such as 
what did and didn’t work, and what features are missing and could be added to later revisions. 
 Mechanical Design 
 The aluminum construction of the pressure vessel feels very sturdy, and can theoretically reach 
depths much greater than 30m. The silicon glue and marine epoxy used both work very well in their 
respective applications, and we would recommend using them again if the new design has any adhesive 
requirements. However, this prototype required a lot of manufacturing time with specialized tools, and 
would be incredibly expensive to make outside of a university setting. Several recommendations for 
improving functionality and simplifying the machining process can be seen earlier in the manufacturing 
recommendations section. Overall, the current mechanical design for the pressure vessel is solid, but 
expensive to make. 
 As for the interior components, the threaded rod electronics mounting system inside the pressure 
vessel worked very well, and offered a compact but sturdy way of containing all the needed electrical 
components. The only major complaint is there is no good way to route the loose wires inside the pressure 
vessel, and they are simply taped down to the side. This works alright, but the tape tends to come loose 
when the camera lens scrapes against it. A more compact wiring system would be recommended. The 
controller design also worked very well, albeit with some slight space and water tightness issues as 
mentioned in the recommended manufacturing changes. Overall though, the electronics mounting for both 
the pressure vessel and controller are good systems that could be perfected with a few small changes. 
 Optics 
 The optics of the device could also use some work. As mentioned earlier, a glass prism does in 
fact have slightly better resolution, but we did not have the time to integrate a glass prism system. Also, 
the focusing of the cameras in the current iteration is a fairly tedious process. The entire pressure vessel 
must be opened in order to adjust the lens, and then reassembled to see the results. This makes trying to 
dial in the lens to the perfect focal point incredibly tedious. While the current lens system used gives the 
viewing area and resolution desired, there may be better lenses available that can give added 
functionality, such as auto focus or more or less field of vision as desired. The largest functional issue 
with the camera system though would likely be that the top down camera no longer works as a driving 
camera, due to the focal point needed to properly view the top of the sediment being out of focus at long 
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distances. A better lens or camera distance would likely be able to focus both at the close range needed 
for inspecting the sediment, and the long range needed for “driving” the probe underwater. Overall, the 
camera system can capture take data, but may need some design changes in order to increase user 
friendliness. 
 Electronics 
 For the electronics, we simply ran out of time trying to add some of the more complex stretch 
goals the sponsor had in mind. There are several improvements that should be made to the electronics 
platform for the next revision. One is better heat-sinking of the LED supply buck, because after prolonged 
use it starts to generate a lot of heat. Under normal operating conditions this is not a large concern, 
because the probe should not be powered on for very long periods of time, but should the device be left 
on for long periods of time it could cause issues. The pressure vessel should be able to act as an effective 
heat sink, we just didn’t have time to come up with a way to attach the buck to the side walls while still 
being removable with the rest of the electronics. On a similar note, the compact nature of the electronics 
in the plastic controller and lack of direct heat dissipation methods end up generating a fair amount of 
heat. Some sort of heat sink would likely help prolong the lifetime of the electronics inside the controller. 
 Another hardware improvement would be to replace most or all solder joints with crimped 
connectors. This would make all the electronics easier to take apart, but more importantly it would make 
everything more flexible. Solder joints are fairly stiff and hence are more susceptible to snapping, which 
is a concern when removing the tightly-fitted electronics package. Crimping allows the connection to be 
made on the insulating rubber wire, which is much stronger. 
 There are a few bugs in the existing software that we could not eliminate, despite a lot of 
experimenting. Sometimes when the controller is turned on, all button or switch presses trigger two key 
events, instead of one (e.g. the right search switch causes the controller to change two pictures over). This 
is definitely not a de-bouncing issue, because we have proven that the button/switch press is only 
registered by the program once. When this happens, it happens with every button/switch press until the 
controller is turned off. We have been unable to determine what causes this to happen, but we suspect it 
might have something to do with the python-uinput library writing to the uinput file (permissions had to 
be changed on this file in order to register programmatically activated key-presses). There are also 
instances where the controller may not refresh the livestream after taking a picture, or switching from 
recall mode. We think this may be related to the refresh keypress activating before the livestream was 
actually started from the Raspberry Pi in the probe. 
 One main feature that we were not able to implement is the GPS module. This would be in the 
controller, connected via USB. The easiest method would be to create a log file to accompany the images 
saved, and each time a picture is taken the program gets the GPS location along with the time, and saves 
the two in a file. Then the user can match the time in the name of the photos to the GPS location in the log 
file. Another method would be to try to add the GPS location to the metadata of the pictures, however this 
is more complicated and would take longer to access a list of all locations. Doing both of these methods 
would allow a customer to easily make a map of all locations imaged, and also be able to find the location 
directly in the metadata of an image, without needing to cross-reference a log file. 
 The electronics and software systems serve as a solid base for future iterations of the device. The 
versatile nature of the Raspberry pi system we used means it is possible to add or change functionality 
relatively easily. Overall, the current electrical design is functional, but could likely be expanded on given 
more time. 
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Appendix 4 - Arduino Board Specifications [7] 
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Appendix 8 - Team Member Roles and Assignments 
Andrew Corvin 
1. Camera Systems Design: Will be responsible for all logistics and design decisions regarding the 
camera system. This includes selecting the camera model and appropriate prism for use with the 
profile imaging. Will also be responsible for any mounting systems used to fix the cameras inside 
the pressure vessel.  
2. Treasurer: Will be responsible for managing the team’s funds. This includes keeping a tally of 
all expenses, as well as any funding we may receive. 
3. Machinist: Will be the primary machinist for the team, and will lead any tasks involving the Cal 
Poly machine shop. This includes reviewing engineering drawings before machining takes place 
and overseeing all machine shop activities. 
4.  Quartermaster: Will keep track of or store all physical prototypes and build materials for the 
device. Will be responsible for storing the prototype between build and testing days.  
Caleb Davies: 
1. Pressure Vessel Design:  Will be responsible for designing the primary pressure vessel for the 
device. This includes making sure there is enough space for all other components, and making 
sure the vessel can remain water tight at the desired depth. 
2. Primary CAD Modeler: Will have master control over all parts, assemblies, and CAD drawings 
of the device. Will be responsible for making sure all files are up to date and properly 
constrained. 
3. Test Organizer:  Will schedule times and locations for tests taking place on the device. Will also 
be responsible for storing and transporting all test fixtures between uses. 
4. Sponsor Contact: Will be the primary point of contact between the team and the project sponsor. 
Will be responsible for sending emails to the sponsor and ensuring all replies are sent to the entire 
team. 
Matt Ferrari: 
1. Electronics and Firmware Design: Will be responsible for all electronic control systems inside 
the device and any firmware needed to operate them. This will include any power supplies needed 
to power the electronics, and any communication lines between the operator and the device. 
2. Code Master: Head programmer for the device. Will keep an archive of all code used by the 
robot, and will be responsible for making sure the code loaded on the device is up to date. 
3. Documenter: Will be responsible for keeping a running list of justifications for all design 
decisions and the current design iteration. Will need to write down all calculations or research 
done. 
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Appendix 9: Project Timeline Gantt Chart
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Appendix 10: Pressure Housing Head Shape Test 
Equipment: 
o 5-gallon fish tank 
o Squash (the kind you eat) 
o Carving knives  
o Ocean sediment (about 3 inches depth in the bottom of the tank) 
o Fresh water 
o Head testing apparatus 
Procedure:  
a. Fill the 5-gallon tank with 3 inches depth of ocean sediment 
b. Add about 10 inches of fresh water the tank and let the sediment settle to the bottom 
c. Shape different head shape geometries out of squash using the carving knives and mount 
them to the head testing apparatus 
d. Plunge the head geometries and the testing apparatus into the sediment layers at a variety 
of different speeds and examine the effects on the sediment layers.   
Results: 
    
(a) (b) (c) (d) 
 
   
 
(a) (b) (c) (d) 
 
 
  
 
(a) (b) (c) (d) 
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(a) (b) (c) (d) 
 
    
(a) (b) (c) (d) 
 
 
   
(a) (b) (c) (d) 
 
   
 
(a) (b) (c) (d) 
 
 
  
 
(a) (b) (c) (d) 
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Appendix 11: Old “Under Pressure” Depth Rating Analysis 
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Appendix 12: Old Pressure Vessel Buoyancy Calculations 
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Appendix 13: Design Hazard Checklist 
 
DESIGN HAZARD 
CHECKLIST 
 Team:       Micro-SPI (Team 43)    Advisor:   Dr. Eileen Rossman 
 
Y 

N 

 
1. Will any part of  the design create hazardous revolving, reciprocating, running, shearing, 
punching, pressing, squeezing, drawing, cutting, rolling, mixing or similar action, including 
pinch points and sheer points? 
 


 

  2. Can any part of the design undergo high accelerations/decelerations? 
  3. Will the system have any large moving masses or large forces? 
  4. Will the system produce a projectile? 
  5. Would it be possible for the system to fall under gravity creating injury? 
  6. Will a user be exposed to overhanging weights as part of the design? 
  7. Will the system have any sharp edges? 
  8. Will any part of the electrical systems not be grounded? 
  9. Will there be any large batteries or electrical voltage in the system above 40 V? 
  
10. Will there be any stored energy in the system such as batteries, flywheels, hanging weights 
or pressurized fluids? 
  11. Will there be any explosive or flammable liquids, gases, or dust fuel as part of the system? 
  12. Will the user of the design be required to exert any abnormal effort or physical posture 
during the use of the design? 
  13. Will there be any materials known to be hazardous to humans involved in either the design or 
the manufacturing of the design? 
  
14. Can the system generate high levels of noise? 
  15. Will the device/system be exposed to extreme environmental conditions such as fog, 
humidity, cold, high temperatures, etc? 
  16. Is it possible for the system to be used in an unsafe manner? 
  17. Will there be any other potential hazards not listed above? If yes, please explain on reverse. 
For any “Y” responses, add (1) a complete description, (2) a list of corrective actions to be taken, 
and (3) date to be completed on the reverse side. 
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Description of Hazard Planned Corrective Action 
Planned 
Date 
Actual 
Date 
5. Sharp prism on the bottom of 
design for sediment layer 
penetration. 
A removable safety guard will be attached to the 
sediment profile imaging prism when the device is not 
in operation to prevent injury if the device falls.   
 
February 7th 
 
7.  Sharp edges may be added to 
the sediment profiling prism. 
A removable safety guard will be attached to the 
sediment profile imaging prism if sharpened edges are 
used when the device is not in operation.   
 
February 7th 
 
8.  Two low voltage battery packs 
will be housed in the pressure 
housing and top side controller. 
Insulation from electronics will be implemented when 
necessary.  
 
February 7th 
 
10. Batteries will be stored in the 
pressure housing and the top side 
controller (approx. 12V each). 
User friendly connections to the battery packs will be 
used such as USB.  The battery packs will most likely 
be portable cell phone chargers.  
 
February 7th 
 
15. The operational environment 
of the Micro-SPI will be sea 
water, which is highly conductive 
and corrosive.   
The pressure housing and top side controller will be 
water tight and made from corrosion resistant material. 
 
February 7th 
 
16. The sharp prisms and the side 
and bottom of the pressure 
housing can become hazardous to 
the user if caution is not used. 
Along with the removable safety guards attached to the 
prisms as mentioned previously, caution labels will be 
placed on the side of the device warning against 
possible contact with sharp objects.   
 
February 7th 
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Appendix 14: Revised Buoyancy Calculations 
 
Normal Mass Calculations 
       
 
Water Volume Mass Calculations 
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Appendix 15: Radial Seal Design Guide Excerpt [13] 
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Appendix 16: Revised Pressure Calculation 
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Appendix 17: Electronics Platform Calculations 
 
Controller Power Usage Calculations: 
Screen max current draw: 500mA 
Raspberry Pi max current draw: 330mA 
Total: 500mA + 330mA = 830mA 
Daily usage estimate: 8hr 
830mA * 8hr = 6640mAh 
Battery: 13000mAh 
Safety Margin: 13000/6640 = 1.96 
 
Inspection Probe Power Usage Calculations: 
Camera max current draw: 250mA 
Raspberry Pi max current draw: 330mA 
High power LED current draw (max): 1A @ 50% duty cycle 
Total: 250mA + 330mA + 1A/2 = 1080mA 
Daily usage estimate: 8hr 
1080mA * 8hr = 8640 mAh 
Battery: 20100 mAh 
Safety Margin: 20100 / 8640 = 2.33 
 
LED Power Calculations: 
High Power LEDS: 
LED current draw: up to 1A, assume 700mA 
Battery output voltage: 5.0V 
Solid State relay resistance: 130mΩ 
 
𝑉 = 𝐼𝑅  𝑅 =
𝑉
𝐼
=
5.0𝑉
700𝑚𝐴
 −  130𝑚Ω =  7.14 −  0.13 = 7Ω 
  
Resistor must be: 7Ω 
 
Resistor Power rating: Minimum 5W 
𝑃 = 𝐼𝑉 = 1𝐴 (𝑚𝑎𝑥) ∗ 5𝑉 = 5𝑊 
Low Power LEDs: 
 Max GPIO Pin Current: 3mA 
 GPIO Pin output voltage: 3.3V 
 
𝑉 = 𝐼𝑅  𝑅 =
𝑉
𝐼
=
3.3𝑉
3𝑚𝐴
 =  1.1𝑘Ω 
 
Memory Card Size Calculations: 
Pi Camera Image: 3.0Mb 
USB Camera Image: assume 5.0Mb 
Pair of images: 3.0Mb + 5.0Mb = 8.0Mb 
Raspbian OS: ~6.0Gb 
Desired Image store: at least 1000 images 
8.0Mb * 1000 + 6.0Gb = 14Gb 
Memory Card Chosen: 32Gb 
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Appendix 18: DFMEA 
Action Results
Item / 
Function
Potential Failure 
Mode
Potential Effect(s) of 
Failure
S
e
v
e
ri
ty Potential Cause(s) / 
Mechanism(s) of 
Failure
O
c
c
u
re
n
c
e
C
ri
ti
c
a
li
ty
Recommended 
Action(s)
Responsibility & 
Target 
Completion Date
Actions Taken
S
e
v
e
ri
ty
O
c
c
u
re
n
c
e
C
ri
ti
c
a
li
ty
7 Manufacturing flaw 2 14
All manufactured parts 
meet design tolerances 
and inspetion criteria
Caleb
Lid not tightened 
properly
3 21
Design in an obvious 
locking mechanism, 
minimal need to open 
pressure vessel
Caleb
O-rings wear out over 
time
3 21
Minimal need to open 
over time, recommend 
replacement schedule
Matt/Caleb
8 Manufacturing flaw 2 16
All manufactured parts 
meet design tolerances 
and inspetion criteria
Caleb
Lid not tightened 
properly
3 24
Design in an obvious 
locking mechanism, 
minimal need to open 
pressure vessel
Caleb
O-rings wear out over 
time
3 24
Minimal need to open 
over time, recommend 
replacement schedule
Matt/Caleb
Improper Material 
Strength
1 8
Proper calculations and 
material sources
Caleb
Fogging of camera 
lenses
6
Environmental 
Humidity
4 24
Silica gel packet inside 
capsule
Caleb
Possible loss of 
electronic components
7
Environmental 
Humidity
4 28
Silica gel packet inside 
capsule
Caleb
5 Strong ocean currents 3 15 Hydrodynamic design Caleb
Uneven seabed 4 20 Landing struts Andrew
Unstable canister 
desgin
1 5 Landing struts Andrew
5 Poor head design 2 10 Design head well Caleb
High impact speed 4 20
Include live feed, so 
operater can control 
speed better
Matt
6 Software Failure 2 12 Fully debug code Matt
Loss of camera focus 4 24
Auto adjusting, or high 
stable lense mounts
Andrew
Cheap cameras 1 6
Don't buy cheap 
cameras
Andrew
Runs out of battery 3 18
Do proper power 
calculations, buy a big 
enough battery
Matt
8
Repeated kinks, 
snags in tether
2 16 Use a durable tether Andrew
Loss of battery power 3 24
Do proper power 
calculations, buy a big 
enough battery
Matt
5 Softare bug 2 10 Fully debug code Matt
Camera limitations 1 5
Buy camera that meets 
needs
Andrew
Loss of image No data verification 5 Software bug 2 10 Fully debug code Matt
4
Vessel not heavy 
enough
4 16
Proper buoyancy 
calculations
Andrew
Penetration surface 
too large
2 8
Large amounts of 
testing to design an 
effective penetration 
surface
Caleb
Penetrate too far and 
lose water boundry
Not as useful data 4
Stops are not 
designed properly
2 8
Large amounts of 
testing to design an 
effective penetration 
surface
Andrew
5
Insufficient protection 
designed around 
prism
2 10
Large amounts of 
testing to design an 
effective penetration 
surface
Andrew/Caleb
Cheap prism materials 
used
2 10
Buy/manufacture quality 
prisms
Andrew
7
Currents are too 
strong
3 21
Don't operate in strong 
currents, hydrodynamic 
design
Caleb
Tether not designed to 
proper length
1 7
Design it better (50m 
tether)
Andrew
Vessel is not heavy 
enough
Vessel cannot reach 
the sea floor, no data is 
collected
7
Improper buoyancy 
calculations
1 7
Proper buoyancy 
calculations
Andrew
9 Cheap tether used 1 9 Use a good tether Andrew
Abusive storage 
conditions
3 27
Recommend storage 
out of sun, and weather
Andrew
Total Failure
Humidity Condenses
Remain sealed 
from water
Cause an electrical 
component to fail
Complete destruction of 
all electronic 
componenets
Partial Leak
Sink to 30m
Tether too short
Catastrophic tether 
failure
Vessel cannot reach 
the sea floor, no data is 
collected
Tether snaps, vessel is 
lost
Record images 
of the sediment
Device falls over
Blow out sediment in 
imaging area
Camera stops 
functioning
No image data
Bad image data
Bad image data
Transmit live 
feed to user
Total loss of 
communication
Frame rate too low
Inability to collect more 
data
User cannot gauge 
descent speed effectiely
Penetrate 
sediment 
Don't penetrate far 
enough
Viewing port damaged
Any further data 
collection will be less 
useful
Not as useful data
` 
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Appendix 19: Program Flow Diagram 
 
 
 
` 
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Appendix 20: Circuit Diagrams 
 
 
Controller Circuit Diagram 
 
 
 
 
 
 
 
 
 
 
` 
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Probe Circuit Diagram 
 
` 
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Appendix 21: Heat Generation Calculations 
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Appendix 22: Cost Chart/Order List 
Part Description 
Required Material Description (Stock, 
Components, Etc.) 
Qty Price/Pkg. 
Price 
(total) 
Source 
Supplier Part 
Number 
Top Pressure Vessel 
Cap 
4" diameter 6061 aluminum rod, 6" 
lengthX 
1 53.71 53.71 
www.mcmaste
r.com 
1610T37 
Pressure Vessel 
Tube 
4" diameter 6061 aluminum tubing, 
1/8" wall, 1' lengthX 
2 24.54 49.08 
www.mcmaste
r.com 
9056K42 
Side Viewport 
Mount 
1 1/2" X 1 1/2" 6061 aluminum bar, 
6" lengthX 
1 9.26 9.26 
www.mcmaste
r.com 
9008K46 
Acylic Viewport 
Insert 
6" x 6" scratch resistant acrylic sheet, 
1/4" thickX 
1 10.39 10.39 
www.mcmaste
r.com 
8536K164 
Prism Sheet Metal 
Housing 
12" x 12" 2024 aluminum sheet, .032 
thick 
0     
www.mcmaste
r.com 
88835K12 
Mirror Insert 
6" x 6" mirrored acrylic sheet, 1/8" 
thickX 
1 3.68 3.68 
www.mcmaste
r.com 
1518T11 
Landing Leg 
Mounting Backet 
1/4" x 1 3/4" x 12" aluminum 6061 
bar X 
1 3.78 3.78 
www.mcmaste
r.com 
8975k598 
Landing Leg 
Support Linkage 
1/4" Thick x .75" width x 1ft 6061 
aluminum X 
6 1.96 11.76 
www.mcmaste
r.com 
8975k594 
Landing Leg Foot 
1/4" Thick x 1" width x 1ft aluminum 
X 
3 2.7 8.1 
www.mcmaste
r.com 
8975k596 
Lower Pressure 
Vessel Cap 
4" diameter 6061 aluminum rod, 6" 
lengthX 
1 53.71 53.71 
www.mcmaste
r.com 
1610T37 
cap bolts 
1/4"-20 x 1/2" Hex Head Screw, 
aluminum X 
2 10.6 21.2 
www.mcmaste
r.com 
92865A537 
prism bolts 
2-56 1/8" Hex Drive Rounded Head 
Screw, aluminum X 
2 10 20 
www.mcmaste
r.com 
92949A074 
Charging Port 
Plug/Pressure 
Release 
1/2"-13 x 3/4"  Hex Head Screw, 
aluminum X 
1 18.39 18.39 
www.mcmaste
r.com 
92865A710 
  
Oil Resistant Buna-n O-Ring     0 
www.mcmaste
r.com 
9452K174 
Electronics 
Locating Nuts 
1/4"-20 Low Strength Steel Hex Nut 
X 
1 2.68 2.68 
www.mcmaste
r.com 
90473A029 
Camera Mounting 
Screws 
18-8 S.S. Thread Forming Screws for 
Plastics, M2 Size 8mm lg. X 
1 7.74 7.74 
www.mcmaste
r.com 96817A846 
Raspberry Pi 
Mounting Screws 
18-8 S.S. Thread Forming Screws for 
Plastics, M2.5 Size 12mm lg. X 
1 7.33 7.33 
www.mcmaste
r.com 
96817A899 
Electronics 
Standoff Spacers 
Nylon Unthreaded Spacers, 3/16" OD, 
1/8" LengthX 
1 7.26 7.26 
www.mcmaste
r.com 
94639A702 
Electronics Cage 
Threaded Rod 
1/4"-20 x 10" Zinc Plated Steel 
Threaded StudX 
4 0.85 3.4 
www.mcmaste
r.com 
95475A576 
strain relief 
0.22" to 0.32" cable support grip 2 21.1 42.2 
www.mcmaste
r.com 
69675K61 
controller gasket 
1/8" thick 12" x 24" neoprene rubber 
sheet, 30a hardness 
1 22.61 22.61 
www.mcmaste
r.com 
  1370N55 (30
a ) 
charging plug o ring 
113 buna oring 1 4.07 4.07 
www.mcmaste
r.com 
 9452K25 
velcro ties 
11" velcro ties 1 8 8 
www.mcmaste
r.com 
6605K13 
 
    Total: 368.35     
 
  
     controller screen 
cable 
20CM FPV Up angle HDMI Cable 
2 16.59 
33.18 
www.amazon.
com 
B01M596VO
C 
controller 
power/data cables 
Raysun 90 Degree Micro USB Male 
to USB 2.0 A Male 3 8.99 
26.97 
www.amazon.
com 
B00WMF7JU
A 
ethernet 
connections 
RJ45 jacks 1 7.99 7.99 
www.amazon.
com 
B01C9ZPFSA 
pi camera cable 
Flex CSI Cable for Raspberry Pi 
Camera - 300mm 2 7.93 
15.86 
www.amazon.
com B00I6LJ19G 
Pi camera 
Raspberry pi camera module v2 1 29.96 29.96 
www.amazon.
com 
B01ER2SKFS 
` 
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Battery Pack - 
Probe Anker Powercore 20100 1 39.99 
39.99 
www.amazon.
com 
B00X5RV14
Y 
Battery Pack - 
Controller Anker Powercore 13000 2 29.99 
59.98 
www.amazon.
com 
B00Z9QVE4
Q 
USB Camera ELP 8mp USB Camera Module 1 59.99 
59.99 
www.amazon.
com 
B01HD1V1Z6 
USB Camera Lens Uxcell 25mm CCTV Camera Lens 2 9.52 
19.04 
www.amazon.
com 
B00N3ZPTE6 
   
total: 292.96 
  
       
       
Toggle Switch 
Waterproof On-On SPDT Panel 
Mount Switch 2 8.97 
17.94 
www.digikey.c
om 
CKN1461-ND 
3-Position Toggle 
Switch 
Waterproof Mom-Off-Mom SPDT 
Panel Mount Switch 2 7.73 
15.46 
www.digikey.c
om 
CKN1467-ND 
Rocker Switch Water Resistant DPDT Rocker Switch 3 6.44 
19.32 
www.digikey.c
om 
EG4945-ND 
Push Button 
Waterproof Off-Mom SPST Push 
Button 2 4.25 
8.5 
www.digikey.c
om 
CWI281-ND 
Solid State Relay SPST-No 3A Solid State Relay 2 22.53 
45.06 
www.digikey.c
om 
CC1139-ND 
High Power 
Resistor 7Ω 10W Resistor 2 4.81 
9.62 
www.digikey.c
om 
MRA12-7.0-
ND 
   
total: 115.9 
  
       
       
High Power LED Cree High Power LED Star 3 2.99 
8.97 
www.ledsuppl
y.com  
 n/a 
   
total: 8.97 
  
       
       
photo gps tag gps module 2 39.95 
79.9 
www.adafruit.
com 746 
photo time stamp real time clock module 2 7.5 
15 
www.adafruit.
com 3296 
USB Port USB Extender 2 3.95 
7.9 
www.adafruit.
com 
908 
MicroUSB Port Micro USB Port 3 4.95 
14.85 
www.adafruit.
com 
3258 
Screen HDMI 5" Display Backpack 2 59.95 
119.9 
www.adafruit.
com 
2232 
 
  
 
total: 237.55 
  
 
  
     Controller power 
port Micro USB panel mount connector 4 12.95 51.8 
www.usbfirew
ire.com 
RR-11A200-
10 
controller data port USB panel mount connector 4 9.95 39.8 
www.usbfirew
ire.com RR-111200-10 
water cover Micro USB twist lock covers  4 2.5 10 
www.usbfirew
ire.com RR-1C522122 
water cover USB twist lock covers 4 2.5 10 
www.usbfirew
ire.com 
 RR-
1C542122 
   
total: 111.6 
  
       
   
Grand total: 1135.33 
   
` 
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Appendix 23: DVP 
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Appendix 24 - Micro SPI User manual 
Overview 
 This device is meant to be a lightweight, compact method to inspect ocean sediment at depths of 
up to 30m. The primary purpose is for ecological inspection of top level and shallow sediment layers. 
 
 It has two cameras installed, one installed vertically to get a top down view of the surface of the 
sediment, and one installed horizontally to get a profile view of up to 1” depth of subsurface sediment. 
The vessel itself is rated to 100m of depth, and has 50m of tether available in order to reach a depth of 
30m in turbulent undersea conditions. It also has three landing legs with adjustable heights in order to 
control the depth of penetration of the subsurface camera. The topside controller for this device allows a 
real time display of the camera outputs to confirm data before capturing images. It also allows for review 
of previously captured images in order to do quick comparisons in the field. The controller itself is splash 
proof, allowing safe handling in rough sea conditions. Both the probe and the controller have battery life 
for 8+ hours of operation. 
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Device Schematics 
 Pressure Vessel 
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Controller  
 
 
Usage 
 Pre Deployment – to be done before venturing onto the water 
1. Ensure both controller and pressure vessel are fully charged before venturing into the field. 
2. Ensure both end caps of pressure vessel are properly inserted and all locking bolts are tightly in 
place. 
3. Ensure the bolt covering the charging port is tightly installed. 
4. Check the Ethernet cable attached to the pressure vessel for any visual signs of damage or leaks, 
especially near the attachment point. 
5. Check to ensure both viewing prisms are firmly attached to their respective mounts, and that they 
have no signs of significant damage. 
6. Check that the controller is tightly bolted together, any compressibility between the two halves of 
the controller indicate the gasket seal is not properly seated and that the locking screws need to be 
tightened or replaced. 
7. Check for any signs of significant damage to the controller body or viewing screen. 
8. Check to make sure all buttons and switches are properly and firmly seated. 
9. Attach Ethernet cable between probe and controller 
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10. Power on the controller and wait for the power on cycle to finish. The screen will flash during 
start up, when completed the Raspberry Pi desktop with a command line indicating it is ready to 
continue should appear. 
11.  Power on the probe and ensure cameras are sending data. The external LEDs should power on 
when the probe is booted, and the controller should automatically display the live feed when 
communication is established. 
12. Check that images can be recorded and are properly lighted, and that there is sufficient space on 
the memory card for all data that needs to be recorded. 
13. Take still photo of resolution test chart to ensure cameras are in focus, if not manual adjustment 
of cameras may be needed, as covered later. 
14. Once finished, power down the probe first, then the controller, and package for travel. 
 
Deployment – to be done immediately before dropping probe into the ocean 
 
1. Ensure Ethernet cable is firmly attached to both controller and pressure vessel. 
2. Deploy landing legs to desired height 
3. Power on controller and wait for the startup sequence to complete. 
4. Power on the probe and ensure cameras are sending data. 
5. Do final check for any signs of damage or misalignment on the pressure vessel or Ethernet cable 
6. Check that both ends of the pressure vessel are properly sealed, and that the charging port is fully 
closed. 
7. Lower the pressure vessel over into the water, but do not release the tether 
8. Ensure driving camera is clear and lights are properly functioning. 
9. Once ready, release the pressure vessel and allow it to free fall into the water. 
10. Ensure enough tether is being fed to allow the device to fall quickly 
11. Once the pressure vessel impacts the sediment, check the live view before capturing images to 
ensure the vessel properly impacted the sediment. 
12. If vessel has fallen over, pull it back up a few meters and release the tether again and recheck for 
proper insertion. 
13. If the prism is too deep or too shallow, try allowing the pressure vessel to fall more quickly or 
slowly. If this does not work, you may need to retrieve the pressure vessel and adjust the landing 
legs. 
14. Once it is confirmed the vessel has landed properly, use the capture button to record and image. 
15. Recover the pressure vessel and proceed to next inspection site. Power down the pressure vessel 
and then the controller if it is a long transition. 
16. Repeat until all inspection sites have been visited 
17. Fold in landing legs. 
18. Dry off device and repackage for transport when finished 
 
Post Deployment – to be done upon returning to land 
 
1. Check both controller and probe for any signs of moisture, any internal fogging on view ports 
may indicate leaks or that the silica packets need replacement 
2. To recover data, simply power on the controller and insert a USB flash drive, files will 
automatically be transferred. 
3. Power down the controller and attach charging cable to the micro USB port. 
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4. Unplug the charging plug on the pressure vessel and attach a charging cable to the now uncovered 
charge port. 
5. While devices are charging, review the data recorded and ensure time stamps match logs for the 
trip. 
6. Once finished charging, reseal the controller and pressure vessel and put back in storage until 
needed. 
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Maintenance 
 Pressure vessel 
1. The pressure vessel can be opened by removing the bolts holding the end caps onto the pressure 
vessel. Note that usually only removing the top cap will be necessary for most maintenance. 
2. When removing the top cap, be sure to not knock the electronics cage attached to it onto the walls 
of the pressure vessel. 
3. Before fully removing the electronics cage, unplug the LEDS, as they are permanently affixed to 
the pressure vessel. All other electronics should be removable in a single package. 
4. Any faulty electronics can easily be replaced by the user, contact the manufacturer for 
replacements. 
5. If there are any signs of water, check the viewports and O-rings for any signs of damage or 
misalignment. Contact the manufacturer for further instructions on repair. 
6. The silica gel packet is located behind the Raspberry pi unit in the center of the electronics cage 
and is held in place with Velcro. Replace if saturated.  
7. When reassembling, be sure to plug in all LEDS. 
8. When inserting pressure head, ensure O-ring is properly seated and is fully lubricated with silicon 
grease. 
9. Ensure bolts are firmly attached and pressure head is fully seated. 
 
Controller 
 
1. The controller can be opened by removing 4 screws located on the back of the controller. Note do 
not open controller unless necessary, screws used are self-tapping and may be damaged if used 
excessively. 
2. Once the screws are removed, simply separate the two halves of the controller. 
3. Be sure to place the now exposed gasket somewhere clean. 
4. If there are any signs of water check the gasket, viewing screen, and controller body for signs of 
damage. Note the controller is splash proof, not fully waterproof, so leaks are to be expected if 
the controller was fully submerged in water. 
5. If any components need to be replaced, contact the manufacturer for further instructions. 
6. When reassembling, ensure gasket is fully seated in groove and is fully lubricated with silicon 
grease. 
7. When placing two halves of the controller together, ensure gasket is not pinched 
8. When screwing in screws, place a small amount of silicon grease at the bottom of the counter 
bore to help with prevent leakage. 
9. Be sure to properly engage the threads with the screws to avoid damaging the threads. 
10. When tightening down screws, tighten until snug and there is no flex in the gasket, but be careful 
to not overtighten and tear out the weaker plastic threads. 
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Appendix 25: Micro-SPI Technical Drawings  
Table 24.1: Part number legend for ###### part number 
format.  
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Table 24.2: Indented bill of materials of all manufactured parts along with assembly levels, part numbers, 
and next assembly numbers.   
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THROUGH THE SIDE PLEXIGLASS VIEWPORT INSERT.
UNSCREW 1/2"-13 HEX SCREW ON TOP OF ELECTRONICS 2.
CAGE ASSEMBLY WHILE ATTACHING LOWER CAP ASSEMBLY 
AND ELECTRONICS CAGE ASSEMBLY. 
RETRACT LANDING LEGS TO PROTECT LOWER PRISM FOR 3.
STORAGE AS SHOWN ABOVE.
SCALE: 1:8
ITEM NO. PART NUMBER DESCRIPTION Default/QTY.
1 101000 ELECTRONICS CAGE ASSEMBLY 1
2 92865A537 1/4"-20 1/2" LG. ZINC PLATED STEEL HEX HEAD SCREW 4
3 102000 PRESSURE HOUSING ASSEMBLY 1
4 103000 PRISM ASSEMBLY 1
5 105000 LOWER CAP ASSEMBLY 1
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NOTES: 
SEAL PLEXIGLASS VIEWPORT INSERT AND PRESSURE VESSEL HOUSING USING 1.
FLEXIBLE EPOXY.
CLEAR VIEWING SURFACES FROM EPOXY RESIDUE.2.
ENSURE SEAL IS WATER TIGHT.3.
ITEM 
NO. PART NUMBER DESCRIPTION QTY.
1 102000 PRESSURE VESSEL HOUSING 1
2 104000 LANDING LEG ASSEMBLY 3
3 92865A537 1/4"-20 1/2" LG. ZINC PLATED STEEL HEX HEAD SCREW 6
4 102003 PLEXIGLASS VIEWPORT INSERT 1
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MOUNT THREADED STUDS TO TOP PRESSURE VESSEL CAP FIRST1.
APPLY EXCESS NYLON STANDOFF ELECTRONICS SPACERS AS NEEDED2.
ATTACH BATTERY TO BATTERY MOUNT USING VELCRO LOOPS NOT SHOWN3.
SPACE COMPONENTS AS NEEDED FOR WIRE ROUTING AND ASSEMBLY4.
ITEM NO. PART NUMBER DESCRIPTION QTY.
1 92865A710 1/2"-13 X 3/4" LG. ZINC PLATED STEEL HEX HEAD SCREW 1
2 101001 TOP PRESSURE VESSEL CAP 1
3 9452K174 SIZE -153 OIL RESISTANT BUNA-N O-RING 1
4 101002 BATTERY MOUNT 2
5 101003 RASPBERRY PI MOUNT 1
6 - RAPSBERRY PI MODEL B 1
7 - BATTERY 1
8 90473A029 1/4"-20 LOW STRENGTH STEEL HEX NUT 12
9 101004 USB CAMERA MOUNT 1
10 - USB CAMERA 1
11 PT-2520 USB CAMERA 21 DEGREE LENS 1
12 96817A846 M2 X 8mm LG. 18-8 S.S. SCREW FOR PLASTIC 8
13 101005 RASPBERRY PI CAMERA MOUNT 1
14 - RASPBERRY PI CAMERA 1
15 96817A899 M2.5 X 12mm LG. 18-8 S.S. SCREW FOR PLASTIC 4
16 94639A702 NYLON ELECTRONICS STANDOFF SPACERS 13
17 PT-LH021RPP PI CAMERA LENS ADAPTER 1
18 PT-1620 PI CAMERA 21 DEGREE LENS 1
19 95475A576 1/4"-20 10" STEEL THREADED STUD 2
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SEAL PLEXIGLASS VIEWPORT INSERT AND LOWER PRESSURE VESSEL CAP 1.
USING FLEXIBLE EPOXY.
PERMENENTLY ATTACH 5mm LED'S TO LOWER PRESSURE VESSEL 2.
CAP USING CLEAR HARD EPOXY.
RECESS DOMES OF 5mm LED'S FLUSH WITH VIEWING SURFACE.3.
ENSURE LOWER PRESSURE VESSESL CAP IS WATER TIGHT BELOW O-RING 4.
SEAL.
ITEM NO. PART NUMBER DESCRIPTION MATERIAL Default/QTY.
1 9452K174 OIL RESISTANT BUNA-N O-RING - 1
2 105001 LOWER PRESSURE VESSEL CAP AL 6061 1
3 92949A074 2-56 1/8" LG. 18-8 STAINLESS STEEL ROUNDED HEAD SCREW 18-8 STAINLESS STEEL 3
4 L1-1-W5TH15-1 5mm LED - 4
5 102003 PLEXIGLASS VIEWPORT INSERT ACRYLIC 1
6 103000 PRISM ASSEMBLY - 1
Lab Section: 07 MICRO-SPI
Nxt Asb:100000 Chkd. By: ME STAFFDate:1/29/2017
Drwn. By: CALEB DAVIES
Dwg. #:103000
Title: LOWER CAP ASSEMBLY
Scale:1:2ME 429 - WINTER 2017
Cal Poly Mechanical EngineeringSOLIDWORKS Educational Product. For Instructi nal Use Only
 3.747+-
.000
.002 
 3.585+-
.000
.004 
 4.00 
3X 1/4-20 UNC   .35
 .30 X 100°, NEAR SIDE
MACHINE FLAT SURFACE AS NEEDED
 1.50 
 3.00 
 .875 
 .150 
 .146 
M
 .625 
 1.25 
 1.50 
 2X .90 
 4X R.180 
 1.00 
2.00
2X  .281  .5
 .5 X 100°
 .25 
 1.25 
 1.25 
F
SCALE: 1:4
 .625 
 .225 
 1.025 
 .225 
 .625 
 1.025 
 4X .25 THRU 
 .625 THRU
 .813  .253
DETAIL F
SCALE 1 : 1
 .200 
3X 4-40 UNC   .222
ALIGN WITH COUNTER BORE 
CENTER MARK
DETAIL M
SCALE 1 : 1
NOTES: 
ALL DIMENSIONS IN INCHES1.
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MATERIAL: AL-60614.
BREAK ALL SHARP EDGES MAX .055.
CONTOUR TO BE MANUFACTURED 6.
ACCORDING TO CNC PROGRAM O00105
MANUFACTURING PROCESS: TURNING & 7.
CNC 3-AXIS MILL
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MATERIAL: PLEXIGLASS3.
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BREAK SHARP EDGES AS MAX .15.
ALL DIMS .056.
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ENSURE VIEWING SURFACES ARE CLEARED OF EPOXY RESIDUE.3.
ITEM NO. PART NUMBER DESCRIPTION MATERIAL Default/QTY.
1 103001 PRISM SHEET METAL HOUSING AL-2024 1
2 103003 ACRYLIC PRISM ACRYLIC 1
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BREAK SHARP EDGES MAX .15.
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PROJECTION: THIRD ANGLE2.
ALL TOLERANCES .053.
MATERIAL: OPTICAL ACRYLIC 4.
BREAK SHARP EDGES MAX .15.
PROTECT VIEWING SURFACES DURING PROCESSING6.
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ITEM NO. PART NUMBER DESCRIPTION MATERIAL Default/QTY.
1 102002 SIDE VIEWPORT MOUNT AL-6061 1
2 102001 PRESSURE VESSEL TUBE AL-6061 1
3 102103 AL 6061 3
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X.XXX= .005
MATERIAL: AL-60614.
BREAK ALL SHARP EDGES MAX .05 5.
MANUFACTURING PROCESS: MACHINING6.
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UNLESS OTHERWISE SPECIFED, TOLERANCES:3.
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MATERIAL: AL-60614.
BREAK ALL SHARP EDGES5.
MANUFACTURING PROCESS: TIG WELDING6.
ITEM NO. PART NUMBER DESCRIPTION MATERIAL QTY.
1 104002 SUPPORT LINKAGE AL-6061 1
2 104003 BASE FOOT AL-6061 1
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NOTES: 
ALL DIMENSIONS IN INCHES1.
PROJECTION: THIRD ANGLE 2.
UNLESS OTHERWISE SPECIFED, TOLERANCES:3.
X.X= .1
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MATERIAL: AL-60614.
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